Income, Schooling, and Ability: Evidence from a New Sample of Identical Twins by Orley Ashenfelter & Cecilia Rouse
I5IH  $HqA  OMIXSIOW  SHHM 
:YTIJIHA  MA  DMIJOOHD  IMODMI 
IO  JqMA  WHM  A  MOSH  3DM3UIV1 
M1WT  JADITMdH 
13l13mn3r1aA  hO 
uo5I  Bi!i33D 
ôoi  1q  nbhoW 
HD5IAH35I  DIMOMOD1  IO  UA3IUH  JAMOITAM 
3IJn3vA  iiaud3sasM  OOl 
8UO  Alvi  bhdmsD 
VQQI  lit 
AuU  is  affisqi3ihsq  isrIim3  anoiisa13vno3  hf!3au  iol  13u1A  itsiA  bits  bisD  bivsU  Ansrfl  3W 
noilfti3oA  a3ImonO3a  rr1ta3W  3di  bits  1nA  aoJ  Is  nimolilsD  lo  li13vinU  3d1  ti213vinU 
sibnuaD  wonsH  s2iJ  bits  ain3rnrno3  ioI  a331313i  auomnons  owl  bits  (Q  I  oiU  nsa)  thi33M 
ssaiO  nsrlisriot  qoIa'H  nsU  A3oI1sH  niv)I  i1  snu1  iithID  3nnA  3nsEsJ  flniID  3nnA 
.v-iu  rIi  rliiw  33nsiaias  1n31133x3  io1  3IliT  3rIb3D  bits  b1sqq3rI-31od  sisd  nniu9  I3sd3iM 
AM  3111  bits  noitsaub3  lo  m3bs3A  lsnoiisi4  311T  bits  noiiabriu&I  1I,u5I  r1i  thisili  3auo51  i  I3qsq  iifT  .aiuo  3is  ioi  hA  .iioqqu  Iai3flsfIfl  io1  1115101q  qirlswohl&I  1moi3obioq  133f13 
3ofhi  3Th  b331qx3  anoithqo  nA  .ibiji  iodsJ  bits  n3lbIirlD  lii  arnsioiq  113153251  $HaM1o  tisq 
.1131s32351  3ifflOf1O31  lo  IJS3IIJH  I&ioi1M  3111  b  320111  ton  bits  2iorItIJs  3(11  o 
0110(1  iX3t  b  2n0i1332  iioi1  .b3'n3231  atdh  hA  .3auo5I  511133D  bits  13i13mn311aA  311O  d  V(QI  © 
tib313  Hill  Isili  b3bivolq  noiifrrI3q  r!311qx3  luodliw  b3toup  3d  (Effl  dqs1s1sq  owl  b333x3 
.331L102  3(11  01  fI3Vi  21  33il0fl  ©  nibuI3ni LonacJqJcmbuuccouqn
1J4BEI￿
},UUCG1OUJ,fl O8tt-3Oô8 b4UC1OU 141 O?'N-5O8
h1J11C0U flUJACL2IA bI4UCCOU flU1AGL2!A
L!LC4OUG r!p EILG2OUC r!pL
Iuqn2p.J 1c!!OIJ cou uqnj KC1!OU cciou
OLICA VJJCUICIGL CcJ! ffOfl2G
OjJJIjJCL WLIIJU1 pcuc2
11JqiMqfIJ WtU WOL 2CJJOOJ1U pCCfIC }JCA CC JOMGL IJJJLIj C0212 O 2CJJOOj!U UO pCf12
cL022-2cC110u G2WG2 wmiuq) nbMq pcq jpc Gwb!4c1J LG2flJI2 !uJbt? iirn WOLC
qGucJ uu pn c2iwcq cim.u bbcm i:o j1!1UIppc IoL JG22 pjc uqAqrmj IUJbIC
1IbbLox!wc!X ®iqciuicijiu cpwc u ACLG LCWW o 2cpooJ!u o bcicciij jOL
ftc qcAcob woqcj o obliurnj 2cpooI!u iucwcu uq G2j!uJ9c i ntu ucit q ou
VBLKVCI
cpiqu mJq I'p nqc
1EFI4° 131Ja
I4BEK fiOLJCJU j,rbcL J40 QJØQ
OLJG? V21JCU4G1CL 91Jq CCC!ll KOfl
14CM wbjc oqcujicj
IucouJ 2cpoo1!u q Vp!I!: AqcIJcC pownO3UbOllflI  .1 
iom  lo  innoqmo3  13iih3  £  21  21ot31  bnuOi3fid  limE1  bns  3ii8ng  lo  s1o  di  nibnsi219bn1J 
(1i  bniaibnu  ot  alqmsflA  .floii3IJbe  ni  21n81n123vrn  lo  2asnsvii3eTt3  sill  11J0d6  anoi22u32ib  3i1oq  3ikJuq 
sili  bsnei(1isz1  svsd  iss  1n&si  ni  bsvis2do  ii16upsni  smorn  bsassl3ni  sill  no  nhIoorb2  lo  s3nsuftni 
3iisns  16r13  miEI3  211  diiw  [tQQ1]  svnjD  1Ifl  Isiinsuftni  sili  10  noitsi1duq  '23IJ22i  323(11  iltiw  1fl33fl03 
.insw  siom  nsvs  asuaai  523111  bnsialsbniJ  ol  aiqmsna  sbsm  asfi  smo3ni  snirzrisisbsiq  alnsmwobns 
35(11  noiisnirzrisisb  smo3ni  bns  ainsnflasvni  nh1ooll3a  lo  Ishom  IfinrIdi  £  iuo  isa  sw  sqsq  aicfi  nI 
.smo3ni  bns  niLoorba  diod  lo  noiisninrisisb  sill  ni  itids  s1dsvtsadonu  lo  eloi  Isilnstoq  sdi  ass  asdqms 
oriw  aniwl  OOV  1s1smixoqqs  no  b313311o3  svsfi  sw  slsb  lo  slgmsa  ilasil  £  thiw  Isbom  21(13  sisrniias  sW 
sisi  srll  bns  zlsvel  nlloorba  beiiasb  fliod  s3nsuftni  sm  1ilids  Isbom  srIi  nI  .1i1nsbi  llE3iiens  sls 
a1sjbivibni  ls3iinSbi  lls3itsnsg  101  ni1ooba  01  rnulsi  sf13  slsmiias  0121  Esog  wO  .gniloori3a  01  rnu3si  lo 
diiw  2311Ev  gniIoori3a  01  nililsi  3(11113111W  03  lnstxs  sill  bas  a1svs1  gniIood3a  ilhiw  shilids  1o  noiisbrto3  8111 
lo  lssiI6lJps  IEibnsioq  £  as  gniloorka  lo  3101  sill  16(13  noilfirfnolni  fbua  tliiw  1no  ai  II  .Ievsl  li1ids 
.bsaasaas  3d  1153  3m03n1  fli  211013613T103  IEnoibslsneglSini 
al6ubivibai  lnslsviups  (ll63il3fl3gIO  aiflsiniasvni  gfflloofl3a  3(1116(11  asilqrni  slsmilas  SW  Isbom  silT 
gnuIooJl3a  lo  ahnsnlmlsbsb  srIl  01  bis1si  ion  315  IsrIl  noi1sivsb  mobnsi  moil  nsqs  smsa  sth  ed  bluoda 
insixe  5(11  lo  3101513113  bns  aia3ftioqf1  aiilh  lo  ahasi  bsiibni  bus  b3slib  lo  3snsv  6  sbivoiq  sW  .25310113 
niulsi  3imono3s  sIll  lo  asismubas  I21Js3  sbivoiq  alsvsl  5ffl03111  bns  noii63ubs  'aniwl  lo  alasxlno3  1131(1w  01 
.gnilooffaa  01 
sill  lo  znoiissa  biidi  bns  bno3sa  sill  ni  :awollol  as  ai  isqsq  sill  lo  isbnismsi  sili  lo  sluh3lrfla  silT 
1i1ida  nsswlsd  noibs1sno3  sill  woil  worla  bus  gniIooIf3a  lo  isbom  gniximihqo  slqmia  £  qolsvsb  SW  sqsq 
wofla  ,noii3slIo3  shsb  1110  sdn3asb  ixsn  sW  .bsismilas  sd  sm  Lsvsl  gnilooil3a  bns  (bnuoIg13sd  1ims1  10) 
10113  inem3luassm'lo  msldoiq  bnsfloqmi  sill  16811  01  gnuiootl3a  lo  ahnsmsluassm  siqillum  5w  sw  woil 
snsniuM  bus  vs.J  bits  [l]  r1cpuM  bus  5J13A  ,  [Q!]  itoanilol.  bits  bnuoH  ,elqmsxe  101  ,85 
.[QQ1] L&iiqm  edT  .noir1uqoq  ed  lo  5!qmL  mobni  £  mo1t  £ib  iiiiw  aniw  1o  eIqfzm2  mo  eqmo  bns 
e3ns1eThb  niIooth  £niwl  lo  ainsnimisleb  edi  to  Ths1  ieiibni  bns  isiib  lo  iehsv  £  gnibubni  j1ijei 
.sbu13no3  IV  noiteZ  .V  nohe  iii  bsnuiino3  ei 
)hoWems13  13ii8108dT  .11 
gnisimilqo  1eIqinia  efft  luo  lee  ew  e'1sns  I3hiqme  rno  iol  sul3zrI3e  ebivrnq  01  ,ebio  ni 
gnifoorke  lo  ainniuneisb  sill  luods  absI  beilie  nwonA  eu  diiw  ineieizno3  ci  isili  8310113  loothe  lo  lebom 
iosrli  risimilqo  ns  21361  bei1ic  eL  owl  silT  .nilooii32  01  cniinss  lo  qidanoilsisi  sill  has  5310113 
1ims1  sf11  d  beneuftni  1noiie  81s  lnemnislis  1001132  lo  ainsnirrnslsb  sf11  (I  :eis  suqz3  laum 
Is3niM]  isenil  11siinsccs  ci  ni1oothe  01  cgnhinse  o1  10  qidanoilslsi  sill  (  bns  einebuia  lo  bnjobsd 
[.V1 
lo  noitnift  £  2  ibiriw  ,'ii1ilu  e.imixsm  01  Aeec  (alneisq  iisrli  io)  clsubivibni  Isill  emuaas  eW 
:-nu1ood3e  bns  emo3ni 
(?-  (y)flI  =  (213 
(1) 
(?j-  [(8)g]nI  = 
(e)1  bn.a  [(e)]n1  bnz  (2)  ni1ooibc  01(v)  cniinse  lo  qiilanoiis1s  eldsviscdo  sill  alneaeiqsi  (e)  =  i  eieilw 
li1i1u  niimixsM  .niIoo1l3e1o  eieo3  bits  ciflened  (o1)  sf11  1nses1qe  Isill  afloil3nul  XSVflO3  it12B8t3fli  sts 
noiiibno3  sbio-ieiit  sill  1ciis  (*2)  nilood3c  Ismitqo  isrli  ceiIJpe1  (1)  noilsupe  iii 
.[ôVI]  nsnrisi1iss  bits  ieeirnH  e1qrnsxs  iol  ee2 
s  lo  olilns  silT  .ii3sotqqs  islimia  £  ioI  [QIJ  gnaJ  io  [Q1]  bisD  [2QI]  ts*)sa  SS2 
edi  bits  .[fVI]  rieeoM  lo  Aiow  sill  moil  isilirnsl  ci  fl3illW  (2)[1\2s}  ci  (I)  noiisirps  lo  5263  IEi3Sqc 
.[ô8I]  cilliW  d  ev-iuc () 
.(()'1)  aIo3  Ikng,Jm  1up3  ((\()')  aift3n8d  lMiigism  8I8ffw 
Esniim  8th  io1  arincil  Inoi13nu1  8&)0f13  ium  8w  1lzthiqms  L8bom  idi  lnemelqmi  o  isbio  iii 
nirn  (o1)  srIi  r  biIi  nwomL-113w  &ü  iuiq  oT  .nu1oOfb2  to  io3  bni  2Jitensd  (!noirIoqo1cI) 
iot  tscft  sa  th  sd  iwm  ii  1ubivibni  ao  isv  sm  tirfi  gniIoo±a  to  nointh  ini1  (11s8n) 
d  b3in8e1q81  ai  niIoocb  10  (flM)  iilsnsd  lniism  sill  j  lims1  ni  i  lubivibth 
(2)'% 
"  =ai,,  (C) 
lo  s3iorl3  sth  idu  noifljlo  iohsini  n  siElsnsg  oT  lEubivibni  sifi  lo  lilidf  bevIs2donu  i  sIs11w 
mio1  slqmi  sill  aid  niJooth  lo  (DM)  io3  tniism  sill  isth  smu  SW  niIooth 
•  +  =  =  (4) 
4  riiloorb  lo  lsvsl  lmiiqo  sili  idi  wollo1  II 
+  *  %  =  + 
C'  L' 
= 
*%  () 
cc'  cc' 
briE  biohsgnuH  [tVQ!J  lsrf3foq  bits  rmrn±sH  [Q!]  isgsiri)I  bits  bisD  slqrnsxs  o1  ss 
•[QI]  hsq  bits  [V81]  nolo 
lsvsL  sill  no  bn3qsb  gnulooiba  lo  iflsnsd  lsnigism  sill  isth  smus  o1s  sm  sw  slqi3nhq  iii 
lsmiiqo  sill  gnidn3esb  ()  noiicup  lo  nnol  isenil  Sift  isils  ion  bluow  2!fIT  .bSnisiiE  gnuloorlz  10 
saLJs3sd  anirnss  iol  noirnups  nulsmilas  sldEJ3Elini  ol  bcsl  isvsworl  bluow  II  •gft!I00Ii3  lo  lsvsl 
bsiuazsm  (nu!oorbe)  sldshsv  £  iii  noilsups  3ilslbsup  £  lo  noilsmils  rliiw  bslsi3o2s  emsldoiq  sill  lo 
•([1Qf]  l1swo  bits  51umid3I  8Ws4  n5m2iJBH  bits  [8QI]  simsmA  ss)  oris  riliw i  :1  .ois  molt  rsThb  9  1i  3i1idB  IEubivibni  d  vv  oats  sm  bn  a&1imst  550135  asilSv  cbidw 
tsnigism  sdi  istft  insixs  siti  03  s1no  isv  hms1  sili  tiiilliw  Ievs1  grnloofi3a  35113  ()  noiisups  molt  15813 
.3i1ids  ni  e83nsThb  1ims1-nidiiw  ifliw  b3s1sno3  si  bns  1ims1  sdi  ni11iiw  ashsv  mIooibs  10  3118n8d 
ni  ji1ic1thsv  1imsI-niffflw  molt  ndood3s  03  rriiiisi  5ti  nivJIi3nebi  noiiqmusas  81  di  tsrIi  awoIIciI  31 
s3as3  gil  233r1818Thb  c1  b8nirfn8I8b  8  nilooiba  ni  as3rIslsThb  ns  ai  isñl  ;O=9  tscIl  al  513v31  m1ooiba 
.i  Sflifl1S8  to  ainsnimisieb  bevisdonu  3113  1131w  b3tsIsllo3nu  3  isrIi  53132833616113  isiho  •to 
sldsiaei  (1ts3i31oedi)  sits  asit  0=9  smusss  sw  sisilw  (wolsd  111  sw  Isbom  3itT  b.siorze  noii&T.imitqos 
ai  1sdT  .bvs1  ni1oorba  bsiiasb  smss  sifi  svsrl  111w  a&1imsf  sinss  8111  ni  slsubivibni  36113  noiiisoqoiq 
3s13  Os  ()  210118  noiissimiiqo  10  insmsiusssm  03  3ub  816  s1svs1  niIoo113s  ni  533n813Thb  bn3ado 
(ô) 
.2  IsvsI  nh1oorf32  belia8b  1&niiqo  siti  to  insbnsqebni  sd  iwm  bns  oies  nm  vsi1  aioii  siti  sisi1w 
.0=9  16113  noiiqmuaas  siti  nixs1si  lo  asismi3es  iuo  no  a33sfts  5113  aau3sib  SW  woisfi 
)how5mr11  ls3niqm3  .111 
nu1ood32  03  niu$1  8S18VA  srIT 
:noiisupe  s6W  o1  nwom-I1sw  sill  sevi  0=9  gnimuaas  bns  o3  338q281  cliiw  (C)  nu1s1s3nI 
3mo3ni  niinss  no  13318  eu  'd  I31i1n8  bsnltsb  ci  81811  ii1ids  16th  siesr1qm3  03  lnstloqmi  aiiI 
.lnSmevsirl3s  311113b536  iliiw  316i30556  ff3110  31fl05  1611W  sd  Ion  '(6(11113111W  i3*1sm  3111  (11 e 
+  +  LF?a(I  +  = 
bnn  (V) 
+  +  +  = 
bitE  .  iisq  £  it  2niwi  bno3s  bits  3Ift  5fD  to  a9tsi  ssw  th  to  am  bhsoI  3fb  is  bits 
X  (asi1imst  nirhiw  isifi  aiudh11s  Its  llsiens  siom  io)  aniwi  sili  1o  219v81  nhIooiI3a  8f11  815 
bits  ssi  as  ibus)  niwl  nidiiw  ron  iud  asiIimst  aaois  isv  lsñl  asw  lo  ainsnirfnsi8b  sldsvieado  181110 
ln3noqmo3  Iims1  b8vlsadonu  its  ai  A  .ain8noqmo3  Iijbivibni  8IdsvIsadonu  is  bits  bris  (s 
1sine  io  irl8mnoiivn8  1ims1  "iiIids  (b8thrIni)  81511111  lo  noilsriidmo3  bsiIbsqanu  its  arn8aslqsl  lsdi 
si  gnilooiba  01  rrwi8t  8rIT  .abvI  niIoozba  b3nislls  ñiiw  b8ls1no3  sd  sm  bits  aI1b1a  bevzadonij 
ils  is  anirnss  r1ir1  e,no  rbiiiw  A  :rilids  Io  esq'i  owl  3d  vsm  8,rfi  j3bom  ir1i  ol  nibio33A 
sm  bits  niIoorba  01  ainijisi  1811  rer1ici  a,sInoo  rloirlw  cI  bits  ("egsinsvbs  eluIoads')  niIootba  to  518v81 
'  .("sinsvbs  8virslsqmo3N)  iiIids  illiw  b3lsIsno3  &d  oals 
d=d  .8.i  nh1oor13a  01  niu1s1  ecu  111  (li3neo18l8f1  on  ai  518111  ibirlw  ni  853  edi  lsbiano3  laiiI 
'Ino  asiIirnst  550135  ashsv  gniIood3a  bits  as  airli  it!  .'Iinis1  d  isv  ion  asob  bits 
beisIsno3  si  1!  .aeilimsl  aaois  ashsv  (abruit  ol  aass  5i5o3  3ir13aq  ..8)  iao  1sniism  8111  eaus3sd 
ethw  sm  sw  jevel  gnhloori3a  1srnilqo  srll  cliiw 
1(1  +  =  t1 
•  +  = 
(8) 
.[QVQI]  neao5l  bits  ailliW  88  v rilidE  or  berslei  I8viien  o  18viii2oq  d  (.i)  rii1ooiba  1o  iao  Iwigism  eñi  isdi3xfw  is3ibni  y 
oi  2bset  ()  moft  niiinirdu  bns  =  +  .)  niriiW  aiev1 
—  L°  +  [\%+)j  =  (Q) 
is  riiIood  'niwi  cbss  bns  Lsvsl  3i1id  siu1oad  1irnE1  ci1  nsewisd  enoirslsno3  3fIi  I3bom  irfi  iii 
.noi115TIo3  izrfi  b  si  sdi  eiibni  y  bns  1s3i1nsbi 
[8Q1  nis1isdrntID]  2i1I  rnobmn  belEIsrio3  mio-bijbi  81ft  vig  (V)  oini  ()  nuiuiii2du 
:noirBupe  niizmiia5 
+  +  +  +  = 
bna  (0!) 
+  (y—v)  +  +  [\(+)Jy  +  = 
Ew  ff3E5  lii  1imEb  8r11  bo  IevI  nuIoofb  nem  stii  nibu13ni  iTh  nI  +3)  =  srLw 
oL  bns  rn1oozfe  oi  IflUJ8l  31rfl0fl033  bimii  sf11  ni  id  "iilids  sflJ1o2ds  ns  asisnimils  noiisups 
siom  evsrl  asi1irnst  sids  siom  I 
.  !  ii1ids  bns  gnitoorb  nsewisd  noiisIsno3  sfli  bo  sismiis  ns  asbivoiq 
sifi  bns  svirioq  sd  iliw  y  nsrli  (msr1r  o1  iewof  2i  niIooib  lo  1203  Isnigism  srli  52u538d)  ni1ooth 
sni  .ni1ooib  ol  rntflsi  3imono3s  bsismii2s  sf11  hmwqu  2skI  111w  135118  1imsb  if1i  22slbbs  01  iii1isb 
lassi  bssi1ssns  niau  msdi  sismulas  bns  (01)  iii  anoirsups  ssw  sdi  13512  sw  1mobns  bslsdsl  sis  aniw-i 
.(JD)  asisupa 
(a3iithsl3alMb  3fti3sqa-niwr  isf11o  01  bns)  gniIoorl3a  01  rnuisi  sili  sismilas  or  sw  sviiszni1  nA 
-ioismiia5  ai35TIs-bexil  sill  ninisrdo  r3s118  ii1ids  eu  sisnimils  or  (01)  iii  anoitzips  sift  e3nslsThb  or  ai 
+  =  — 
(11) V 
newied  noiislsno3  sill  sismiies  or  w  woll  ion  sob  ,oimiis  ie1s-bsxfl  sill  idi  isvswoil  stoM 
.'1i3e1ib  nilooib  bns  ii1ids 
noiiqmu2as  sill  nixs1si  o  1Oifmui5  2i35u18-bSxfl  sill  roI  ?53fl5U52flO3  sill  nizsbi2no3  ithow  i  ii 
-bsxft  sill  sS3  aid  nI  (0=9  izlr  noilqmuaas  sill  ai  lBdi)  as3n5eThb  ii1ids  niwl-niilhiw  on  sis  eisdi  isdi 
-bsxfl  sill  iszfisilw  esmosd  ascii  noiiasup  is1  sd  JQVQ!]  asiblihO  iii  aA  .bssthd  sd  scn  ioismiias  ai3s1s 
noii3s-aao  slqmia  sill  ascii  gnilooiba  oi  inuisi  bsismitas  sill  ni  asid  easi  ot  abssl  ioismiias  alzsTIs 
sllm2  sd  111w  ioismiies  ar  Tts-bxfl  sill  ni  asid  sill  awoila  [QVQI]  asil3ililD  aA  .ioismiias  noiaasisi 
,swol  ai  Rnulooil32  no  'li1ids  lo  lnsi3ifleo3  noiaassi  sill  Ii  loismuras  noirasa-aao  sill  ni  asid  sill  cisill 
sbkvcnq  01  sldiaaoq  Ion  ai  ii  iluorli1A  .noiaasigsi  aniwi-aaoI3s  srli  ni  ascii  noi  assi  aniwi-niclliw  sib  ni 
ii1ids  saussd)  asid  ns  lo  swian  sib  s1su1vs  ol  aln5i3rnso  noiaasisi  insvslsi  sill  lo  asismilas  1siib 
.wolsd  D.V  noi13s  iii  sijaai  aid  no  e3rIsbivs  i39Iibni  smoa  sbivrnq  ob  sw  (bsv'isadonu  ai 
aaslD  itho  baa  ii1icfA  vd  ni1ooil  01  arnuis5l  .fl 
sill  rlliw  beis1snoa  ai  baa  'lims1  d  asiisv  I  niIoorba  01  fnulsi  1sniisrn  sill  saoqqua  ixsM 
s1iiw  sm  sw  nsrlT  .'ii1ids"  s1dsvisadonu  a"1irnsI 
(cl) 
mofi  auliasi  isub  nuloozl3a  or  nwisi  sili  ni  iisnsoisrsil  lo  sssb  sill  5j3$fl5  d  Isismsisq  sib  sisciw 
alsvsl  isrliil  ilhiw  asilimsl  II  .asilims1  aaois  "alnsmnoiivns  nimss1  io  "ashulide  10  noiiudhiaib  sib 
mofl  som  iitsrzsd  nslbliil3  ,isRl  iol  ainsmnoifvns  niiriss1  nid3hns  siom  io  "3itids  sisnni  1o 
.sviriaoq  sd  bluoila  d  nsnb  ni1oocba 
sisilw  anoiisups  niismilas  rrno1-bS3ubel  sib  asvi  (V)  oini  iluasi  sill  baa  (s!)  olni  (Q)  gniluiiiadu 
:1ilida  ctiiw  isv  airiulsi  ni1oosba 8 
ir3  +  +  +  Lr[\(t  Ir?4ITr%  +  LO  = 
(s!) 
+  +  [\(+1Z)]y  +  [\+)Jy,  +  = 
!ubivibni  erli  nsewlsd  ririsi  noi  sini  ns  sbuI3ni  (SI)  ni  anoilwps  scIT  .urzsl  ions  sth  i  sisriw 
sib  i  nnsl  noiis,slni  idl  no  lnst3fflso3  sri'!'  .lsvsl  niIood  ssisv  1imzI  sill  bni  Isvsl  nhIooiba 
briE  ;y  ni1oorla2  briE  liIidto  Isvsl  sill  nsswisd  noillsrIo3  sri  :id  ii1idsIo  asq'i  owl  sib  1  i3uboiq 
51E  ew  51s3ibni  (el)  noiisijps  eA  .d  lilidE  ibiw  nuIootha1o  i1Ierisd  lsniism  erbto  noitsIsTlo3  sill 
lirli  lilids  in  s3ns1eThb  niwi-iini  on  sis  esr1l  nimu2s  i3&I1s  li1idE  lo  sq1  rbod  tilnsbi  ol  sids 
i3sfls-bexfl  io  bs3neisThb-l1it  sill'  .(O=  .e.i)  levsl  riiIooib  Ismilqo  sill  duiw  betslsllo3  815 
nuilfl  no  bsasd  i  ,otsmile 
+  (%—  )[\(+  )]y  +  %-  )o  =  Lr'  (41) 
01  sub  niloocb2  ol  nwisl  sib  ni  lisnegoisisr1  no  u3o1  ol  i  gslsiie  Is3hiqme  evilsirisils  nA 
lsvsl  noiis3IJbs  sill  lo  eniassm  niu  silirnst  1iisfl  ew  irb  ob  oT  .bnuoigA3sd  limst  flu  iiIidsiisv 
s  li1ids  01  bs1sIs  2i  bnuoAoscl  Iirns1  soqqu  slni  iri1  lrismslqmi  oT  .lnsisq  sill  to 
(1) 
izsTle-bexit  bns  rrriol-be3ubsl  gnibnoqsrio3  silT  .noiis3ube  'isiborn  bns  'isdis1  2lnssiqs1  1  sisrlw 
s•Is  anoilsups +  +  +  +  = 
+  +  j8  +  +  = 
bns  nnei  icrn  sib  i  sisriw 
+  +  =  (VI) 
s!qtns2  bnE  £iiU  silT  .VI 
ismrnu  sib  nhub  bsi3ubno3  sw  wsivislni  OOV  isvo  moil  bsnisido  sisw  1isq  niwl  no  sisb  wO 
.oiilO  gwdaniwT  ni  1Isuims  bisil  i  ri3iifw  lvil&1  arriwT  rudaniwT  sill  Is  QQI  bnc  QQI  IQQI  lo 
bebbs  nA  .Lsvirn&  rnsIswbim  isillo  ns  sAif  ibum  ai  bhow  sib  ni  bnbl  au  lo  isisl  sill  jsviis1  silT 
1Isnoia&3o  bns  ausIqiil  aniwl  lo  aisa  OOOE  luods  lo  snsasiq  sill  i  2isbnsfls  io't  noli3sifls 
.alslqinbsup 
nicllol3  islimi  iii  issqqs  isbnsl1s  gninniwi1o  iuissl  svilsffis  sib  asisidsisa  lsviiasl  sili  531112 
sairnasd  aniwi  lo  slqmsa  mobnsi  S  nsib  islimia  siom  sd  sm  aisbaefls  isili  lasqaua  sW  .esIiaiisil  bns 
iuo  iii  aniwl  sib  sisqsa  sW  .lsviiasl  sib  1o  siuiiliia  sib  lo  uxsq  £  ai  isill  liislimia  no  aiasilqms  sill  lo 
315  anoilasiJp  wsivisinl  .ani1dia  iisrb  d  nsvig  aiswans  sill  issil  Ion  Iliw  ainsbnoqasi  Isril  oa  wsivislni 
sviu2  noiIsluqo  InSTIuD  sill  bns  auansD  sib  id  hew  alnsmtriiani  sviua  sib  no  Ihsmhq  bsasd 
wsivislni  ssiib  ils  lo  asiqoD)  .aniwl  io1  lno  insvslsi  sis  Isib  anoilasijp  Isievea  bsbbs  svsil  sw  ilguoibls 
(Jasupsi  noqu  aioibus  sill  moil  sldslisvs  sis  asIibeiba 
isviua  sill  lo  noilqnaasb  slslqmoa  siom  £  anislnoa  rlaiclw  [4QI]  isgeiri)l  bits  islisirisikA  8 
rli  lo  ics  laiut  sill  ,  IQI  ni  belaslloa  slsb  lo  slqmza  isllsrna  ibum  sill  no  bsesd  ai  'goloboibsm 
'sv•iua 01 
auoivslq  sd  ni  nioq  emoa  is  doj  £  blscl  svsff  mofiw  lo  diod  aniwi  1iinsbi  lo  2isiano3  sIqms  iijO 
aiss  sfli  isftsi  assw  silt  audT)  .astsi2  bsiinU  silt  lo  sbiaiuo  iivi1  Iinsnu3  ion  sis  bns  21E8  owl 
sisw  oilw  sIqms  iuo  ni  aniwi  silt  lo  in&nsq  ?  silt  io1  (.aisllob  QQ!  01  bslsflrii  sis  bits  EQQI-Q8QI 
lsbieno3  sW  .2185  silt  aaoz  anoitasiJp  i2om  01  asanoqas  isifi  sgsisvs  Sw  53flO  nsdt  siom  bswsivistni 
£  sisilw  asaz  w1  sill  nI  .tsi1nsbi  sisw  sdi  isill  bsbnoqasi  aniwl  ifiod  Ii  ifi3iinsbiM  aniwl  10  isa  £ 
sic  niwi  isri  bus  sila  isilisilw  ot  aiswans  nit3iRno3  svs  bus  sno  usd1  siom  bswsivxsini  asw  tnsbnoqzsi 
isvo  bus  aiss  sill  isvo  85I8VS  sill  Ii  lzitnsbi  iisq  sill  isbiano  bus  asanoqasi  silt  ssisvs  sw  Js3itnsbi 
sW  .Oon  asrit  nsflo  siom  ls3itnsbi  sisw  suil  isill  bsiswans  aniwl  sill  .s.i)  .0  usd1  siom  21  ariiwl  sill 
ui  nifootha  03  afruflsi  bstsmiias  sill  no  lsaiinsbi  as  acliwl  rxPh2asl3aim  lo  nsijRni  sib  tiiavni 
.VI  noi1ea 
slsb  111kw  aniwl  1o  slqmca  iUO  lo  23i12iis135is43  sill  lo  smoa  lo  noaiisqmo  s  asbivoiq  I  sldsT 
boiisq  sill  io1  (2D)  sviu  Isbo2  tsisnsD  silt  moi1  bus  (1D)  sviu  noi1s1uqo  insiuijD  sill  moil 
moil  ieThb  sm  aniwl  lo  slqrnsa  wo  lo  a3ilaiist3sis1f3  silT  .awsivistni  iuo  bst3ubnO3  sw  ibiulw  nhub 
sisda  ion  ob  aniwi  sausasd  io  aniwl  lo  slqmsa  mobusi  £  ion  sis  stsb  iuo  sai&sd  220  bus  2D  fi 
.noitsluqoq  1cisns  sill  111kw  a3itahst3siSfi3  1s3itnsbi 
bus  bstc3ubs  islisd  sis  slqrnsa  iuo  ui  (atnslsq  iisiil  bus)  aniwt  silt  isiti  I  sldsT  mon  tnsisqqs  2111 
arliwl  lo  slqmsa  iuo  tsril  rrlslsqqs  oats  aitl  .noitsluqoq  Isisns  sill  nsili  ssw  huor1  isilir1  £  svsrl 
sasril  1o  Its  Isib  t3sqaua  sW  .noilsluqoq  Isisne  sill  ndl  aishow  eliziw  siom  lsviis1si  anslno3 
oal.s  ai  II  .aisbnsils  lsvitasq  aniwT  lo  !ooq  silt  otni  asvlsamsifl  135132  aniwt  sw  silt  moil  saiis  a53f1313Thb 
.noitsluqoq  1sisns  sill  nsili  slqosq  bsinsm  iswsl  1svitsIsi  anstno3  sniwi  lo  slqrnsa  wo  left  lnsisqqs 
as3nslsIni  ioI  Iqmi  sisb  aniwt  sill  bus  slsb  sib  nsswlsd  as3nslsThb  sill  ns  Ii  t3s113  iilw  332  oT 
miliiiso1  (lciulsn)  rfi  lo  noiaasisi  slqmia  £  moil  stluesi  sill  Jioqsi  sw  ni1oofl3a  ol  niuitsi  sill  luods 
3iloxonom  iio'  sic  ai  isrfT  cniwi  lszilnsbi  its  islaia\isriioid  niwl  iuo  a!"  ai  noitasup  silT 
"'aniwi 11 
1110  bits  2D  sf11  iol  rnsbnoqsei  sill  10  xs  bits  5351  sill  cit  ioiszibni  bits  ss  noirsubs  no  sgsw  sili  lo 
sili  'to  ioi&ibni  Iiilssu  iaom  sill  '(ldsdolq  i  sidsi  2iffi  ni  noahsqmo3  silT  .11  sldsT  iii  aniwl  'to  slqmsa 
all!  sldsT  moil  lnslsqqs  zi  isilW  .sMsiIsisne  s'is  afrunsl  3imonoas  'to  aslsmilas  1110  113111W  01  lnsixs 
gnilsaibni  lnsbFflso3  sili  10  noirqs3xs  sill  ilhiw)  sldsi  sili  ni  aniwl  'to  slqmsa  sill  io't  lnsi3fllso3  '1svs  Isili 
01.slqmsa  2D  sill  iii  nsdj  sbulinsm  isgis1  '(liIli1a  s  lo  lud  nia  srnsa  sill  lo  ai  (s3si  a'insbnoqasi  £ 
ioizs  insmstuassm  siom  nisino3  slsb  qD  sill  isili  aiasilioqi1  sill  illiw  lnstaiano3  3d  bliow  msnsq  aidT 
sill  nislqxs  ion  asob  aiasdioqii1  alilT  .aniwilo  slqmsa  iuo  ni  sass  si  ai  nsill  asldthsv  lnsbnsqsbni  sill  ni 
svstl  sw  1smonn  audi  lo  sauss8  .isvswod  3351  a'lnsbnoqasi  £  lo  lolsoibni  sill  iol  ailuasi  auolsmons 
sill  no  i11s  lisma  s  '(Ito  asri  audi  rud  ainsbnoqasi  siiilw-non  niisIsb  afIouisiuqmO3  111010  Its  bsissqsl 
Hsma  '(mo  aworla  slsb  qD  sill  ilhiw  aniwl  'to  81qm52  1110  '10  noansqmo  8111  Issits  nI  .aIIIJas, 
11.aslqmsa  owl  sili  'to  23il2i513515fb  '('Ismilq  sill  nsswiscl  a8311918Thb 
sd  01  nwon)1-IIsw  ai  fi3irIw  IsvsI  1uI00l13e  sill  in  10113  lflSfflslIJasSffl  iliiw  tssb  01  isbio  it! 
IlOqsl  03  bswsivishrii  5W  fliwl  11355  be)1as  SW  [VVQ1  asibiliiD]  aflOilSIJps  b$3n513Thb-lalft  iii  bsisths3sxs 
a'i  niwi  no  tloqsl  a'A  niwi  101  2  nu3xiW  1.a'niIdia 
1811  no  bits  lsvsl  ni1ood3a  nwo  1511  no 
its  as  noilsffno'trii  gniloorba  'isi1ixiis  sill  san  01  5'(EW  IIIslSThb  owl  sis  ssdi  asulqmi  fIuIooi13a 
ni  noiislJps  3SW  sill  iiilsmuias  lebiaiIO3  01  ai  aiili  ssa  01  '(SW  iasissb  sifi'  .sldsnsv  Islnsminiani 
:L  s3nslsThb  gnulooii3a  sill  sismilas  or  a'sw  lnsisThb  11101  315  sisifT  .miol  bs3nslsThb 
'(13)111  515  sIcJsi  airlt  ill  bSlflsaSlq  grnloorf3a  'to  155'(  £  01  InUiSl  sill  'to  asismulas  3(11  Isdi  sio14  01 
8s  iol  Iottno3  SW  33fl12  aisbom  (151183mM  Isnouibsil  niw  bslsmilas  seoul  risril  iswol  '(Ltr1iIE  sd  ol 
lout  ob  sw  Isdi  oa  e3nsrisqXs  Isiirisioq  nsth  isufisi  ss  san  sW  .&nshsqxs  (Isiinsloq)  nsdll  isilis 
1o113  lnsrn9luessm  101  1381103  SW  81311W  ese'(Isns  sill  itt  snsnsqxs  isulnsroq  idi  insmu'iiarii  or  svrl 
.nuIoort3a  iii 
ni  bsi'ioqs  Isili  01  seoI3  '(ISmSlixs  ci  sisb  iuo  ni  noiiudiiiaib  ISnoilc3ubS  sill  jioiiibbs  it! 
.v'iieis5l  cniwT  sloasaniM  sill  mcnl  [OQQI]  nssI1sT  bits  31JO3M  b1s113uofl  ns)bl'(J 
.1  xibnsqqA  iii  ci  C31UES3in  sviisrrislls  sill  101  xilism  noilsls'rIo3  silT F  (8!) 
+  =  -  LIFE  = 
+  =  -  = 
(Q1) 
+  -  -  -+  (Os) 
I  I 
++  ++I  (!)  +Ar  ? 
L  Ii  It 
1aii1  .ions  tnsmsiuassm  insasiqsi  aunsl  sib  bits  s3nsisThb  fIi1o0d3S  sirii  sill  asl&ibni  sisdw 
bits  sldshsv  insbnsqsbni  ecu  as  1alsvs!  noitubs  bsrioqsi-lLsa  sill  ni  neisllib  sib 
,  '  sau  ns  sno 
Iinsminiani  its  as  aIsvs1  nuIoorl3S  sib  lo  aeizmbas  bsrioqsi  niIdia  sib  nsswisd  eneis11ib  sill 
• 
gniloorlza  lo  asiuassm  berioqsi-lIsa  sib  niau  asismilas  asldthsv  Isinsminiani  sifT  '  L  ioI  sldthsv 
sill  ifliw  bits  nhIoofl3a  lo  Isvsl  sirii  sib  riliw  bsrslsno3nu  ai  'C  ni  ions  insmsiuassm  sill  isril  smusas 
srli  ni  135113  Iims1  £  SI  sisili  Ii  nsvs  'L  thiw  bslslsno3nu  sd  111w  Li  ni  ions  insmsiuasem 
bns  isvswoH  bits  '  ibod  moft  bei3sfldua  si  i35Ils  lims1  sib  saus3ed  ions  insmsiuasem 
sisnimile  oT  .ions  inemsiuassm  sill  lo  irIsnoqmo3  3iIiasqa-rtoaisq  5  si  sisib  Ii  beisleno3  ed  111w  "2L 
r1i1oor132  sill  sismiias  ol  insi3flluS  si  Ii  ions  insmsiuassrn  sill  lo  insfloqmo3  311138q5-noaisq  sill 
gnilootha  sili  nu1Blu3[3  01  ainuoms  il3iriw  (!)  bits  (Os)  anoilsupe  iii  anoiiinftsb  sill  gniw  as3nsisIIib 
isqsq  airfl  iuorlgiioirlT  .isibo  sib  iol  irteminiam  its  as  sno  gniau  bits  ni1dia  il3ss  d  bsrioqsi  5311515Thb 
isilslnsrlaA  moil  15513  ai  ii  as  "sions  tnsmsiuassm  bsis1sno  nimuaas  rn  1001135  01  anluisi  sismuias  sw 
.tinebnsqsbni  sis  sions  insmsiuassm  sib  isib  noiiqrnuaas  sill  i3sjsl  slsb  sill  isib  [lQ1]  isgsirt)I  bits 
alluasSl  ls3hiqm3  .V 
ni1oorb  oi  mijis$I  ssisvA  sifT 
insmsiuassm  insbnsqsbni  asmuaas  isrb  slubs3olq  asldsiisv  lsinsmjri.tani  sib  moil  asismila3 
.iesupsl  noqu  eioibu  sib  mon  sldslisvs  sis  bits  islimia  sisv  easlsrbsnon  s  noTis LI 
xs  bns  83C1  s  rftiw  (01)  2noitup5  lo  aimii  woif  2  III  8kJsT  o  anmulo3  evfl  I1  szff 
dol  bn  u1i2  1ihm  bn  noinu  Iollno3  o2Is  (01)  c1uoicIi  ()  anmulo3  sliiIw  asishsvo3  1snoiiibb 
811i  eioni  bus  0=  y  2i82  isdi  (01)  noitsupe  to  slsrnfl2s  (2J0)  asisup  issel  bexilsisne  suiT  .siunsl 
i  gniloorb  ol  unuiel  3imono3s  sub  Io  sismiiae  suiT  1.nmuIo3 
1211t  erli  ui  bsnisino3  21  l3O'fl8  1imsI 
sub  ui  asismulas  zsdio  ol  islimia  SIS  not2asisi  sill  ni  asldsnsv  isu1lo  sub  !o  2insi3fflso3  silT  .01  .0 
sill  bus  iiLids  nsswisd  noilslsno3  beismiias  silT  .(01)  noilsups  to  Iii  suli  atioqel  ()  rimuloD  .iilsisii! 
niiluas,  silT  20.0  1nE3itini2  ll53i12i1Ei2  bus  svi11oq  21(y)  asuIims  aaois  lovol  noil&wbe 
sill  sw  sw  sno  svswoH  .V0.0  ls1smixoiqqs  ai  gnilooff3a  01  friiilei  311(10(1038  sub  1o  sisinhlas  isllsma 
ui  ions  lnsmsiuassm  ilhiw  Isob  ol  slubs3olq  asldthsv  !slnsmirllani  (JL)  assup2-s!-ssla-ss1u11 
sasilT  .ii&fliniani  lls3i1ai1si2  al  lud  sviliaoq  anisms  (E)  nmuIo3  ui 
•  y  1o  slsmiles  sub  ni1ootha 
isllsma  rl3IJm  £  ioI  bnuoI  oil  w  [.1Q1]  issiri)I  bus  lsllsInsulaA  flu  saoub  rliiw  !q'xsula  lanlno3  l1usi 
U.o>  y  Isull  slsb  sasili  moft  s!qrnsa 
silT  .s!ds1  srli  b  (4)  nrnulo3  iii  bsbivcnq  ai  sismiias  ("bsnsisThb-iaift  io)  afls  bsxfl  A 
-soirli  sill  ;  [QI  isn1loJ  boiiism  rtoiaasigsi  beisloinu  'lnimssa  orli  ow  esismiias  JD  silT 
bus  isn!ls]  aoldshsv  lsinerrnriiani  ,o1  boutism  auogolsns  sub  sis  asism  lao  (JL)  isupa-iass1-osla 
sub  enoil3hlasi  noilsups-aaoD  nilio1qxs  d  sws3scl  aboufism  Z.JL  bus  &JZ)  ow  oW 
.  [I  lisilT 
siusne  ol  bits  ((VI)  aoldsrisv  lsiuiomuiiani  bus)  (JO)  asisupa  lass!  lCIsnibIo  nsub  insbflIs  siom  512 
3)122  sill  idt  bus  br1gila  Ino  isThb  afluasi  (VI  bus)  JO  .alons  guiilqmsa  lo  noilsluqmo3  bsno3 
on  vsuf  ow  83fli  .111  sfdsT  ui  iolsmiles  Sl3slIs-bsxfl  sub  idl  325113  rioqsi  sw  aasnslslqmo3  lo 
1si1nsloq  bow  !nommo3  siom  sill  831112  ss  iol  1011(103  ow  ,  oonsnoqxs  smilolil  lo  asiiiassm  li3iIqxs 
iol  1351103  01  as!dsnsv  1insmfrrj2ni  lo  ow  isrirwi  sliupsl  bluow  (-noi1s3ubs-sgs)  s3nshsqxs 
.10118  lnernoiuassm 
bus  isilslnsrlaA  d  bsrioqsi  saoub  bits  siorl  bslnsasiq  alluasi  sill  nsswlsd  s3nsisIIib  silT 
sill  lo  asismilas  niwl-nicijiw  bits  lsnoiiass-22o13  sill  as  10115  riilqmsa  01  sub  sis  [IQQI]  issuiA 
s2oub  moil  iiisisThb  (l1ftS3i1ifl3i2  11s3il2il2i2  3011  512  slqmsa  islisuta  sub  niau  nilootha  01  rriuisi 
.aSVSW  1512!  1no  niw  bolsmilas 
bsonoisThb-laiuI  s  01  lnslsviiips  al  ioismiles  al3sTbs-bexfl  sub  lims1  ieq  anoiisvisado  owl  ubiW 
sldsiisv  yminub  s  ninuq  01  lnslsviups  al  noilsups  be3ns1sThb-laft  sub  01(11  Inslano3  £  nh1lul  .iolsmilas 
1lIiw  niisbio  mobnsi  A  .lifl  boisbio  21  aniwi  sublo  113111w  asls3ibni  Isub  noilziJps  2l30110-boxiI  sub  oluti 
sub  lo  iolsmuiao  noiaasisi  sub  iovswoH  .lnslano3  sill  iol  Oi3  lo  insi3iflso3  £  01  bssl  ssisvs  no 
ilguoub  nsvs  aniw3  sub  lo  (nitioa  rn)  niisbio  lnsloThb  11353  iol  insisThb  sd  111w  lnsi3I'flso3  nulood3a ((1)  nmuIO3  ni)  eiErniie  Iinoii  -a2o1  eth  nidi  iswol  ai  gniloofba  ol  rnuiei  eu  10  sismii?s  thwi-nicliiw 
lo  Isvel  sill  bn  ii1id  neewied  no11ssrio3  in&i1iniE  bnB  svitioq  ni  sgu  1ns3sq  O  nodi  d 
bsismiis  8f11  13V3W0I1  )  nmulo3  ni  ioris  insmsiusm  beiIeno3  iol  woll  ew  enO  .nh1ood3a 
'  ".noii3e-o13  sill  gniw  belsmite  irwisi  las3sq  0!  eu  oi  saob  insnsq  Q  luod  ol  sasini  nlulsz 
bn  iswnso$L  nBimds8  .s)  2niwl  iol  2ilIJasl  isilio  n&ll  isis1  lsdwsrno  sis  si&niis  52$fIT 
eth  lo  eau3sd  qsthsq  slqm6xs  insei  owl  iol  QQ1  nitlEM  bn  sv1uM  is1liM  Q1  nmdiffiT 
sill  eno  isdi  bnfl  asibui  sesill  lo  ils  isvswoH  .belevo3  shinuo3  bns  aboiisq  emil  niisv  1sbiw 
mcnl  insisThb  linsflhz1i2ni  sis  2stsmits  at3sTs-bsxft  sill  ione  inem31iJssm  iol  belutb  si  a5lsmil3 
.eeismuias  JO  sill 
silT  .aniwl  nsswisd  es3risisThb  sldsvisado  isillo  idi  lollno3  sw  (01)  zluoiili  (ô)  anmulo3  ni 
sill  c1uoill1s  aslsnEvo3  ssili  iol  loiino3  sw  nsrlw  ll1lBila  521i  niIooib  ol  rnuli  sill  lo  aslzmul2s 
()  anmu1o  ni  bslsmiis  soift  oi  lsiiasbi  iomls  sis  (8)  bns  (V)  anmulo3  iii  asid  tiIids  sill  10  asismIas 
.lns3isq  Q  luods  zi  rxilooilza  01  niuisi  sill  Isill  iasua  111  s1dT  ni  aslsmilas  eu  jisievO  .()  bna 
lo  aelsmilae  aeisupa  lassi  isnibio  ni  fluasi  01  belslsrio3  lsviliaoq  llnsi3rnua  sis  tilids  bns  niloorI3 
nwlsi  r1l  asasid  ions  lnsmeiuassm  nsili  biswqu  beasid  siom  liilila  sis  isril  nilooiba  01  nmie  sill 
biswnwob 
ai  (noilsups  bensisThb-iaifl  sill  ni)  lnsiano3  sili  nsdw  benisido  lnsi3iflso3  sill  Isupe  111w  ssisvs  sili 
.rfnsj  lnsiano  £  iuoiljiw  anoilsIJps  be3nslsThb-la1i1  sill  rnn  ew  l1ijasi  s  aA  .oiss  Isupe  01  benisilano3 
oilw  aniwi  01  slqmsa  sill  bsi3hiasi  sw  ions  lnsmsiuassm  ihiw  ni1ssb  01  il3solqqs  isilions  aA 
lnsi3i'fiso3  sill  noiathigei  sill  ni  astsiisvo3  isilio  tuoiliiW  .alsvsl  nilootba  iiesil  ni  s3nsisThb  sill  no  besigs 
lo  (4k)  nmuIo3  ni  OVO.0  lo  lnst3mso3  £  ilhiw  beisqmo3  sd  sm  ibiilw  j0.0  ai  as3nsisThb  niloozba  no 
ilhiw  bsmqmo3  ed  ysm  113111w  80.0  ai  lnsi3iTlso3  sill  noiaasisi  sill  iii  aslshsvo3  isilio  ujiw  .ffl  sldsT 
alnsi3fllso3  sasili  ni  as3nsisThb  sib  Isdi  lnelsqqs  ai  II  .ffl  sldsT  lo  (Q)  nmulo3  ni  8V0.0  1o  lnsbrnso3  £ 
nsilw  ahluasi  islimia  le  oats  eW  .alnsbi'flso3  sill  1o  aons  ni1qmsa  sill  nidhiw  llsw  bits  llsma  isv  sis 
.sldsnsv  mmub  elsmsl  sili  rljiw  sgz  bits  es  l3sleini  sw zID  Ii3o2  bilE  ii!idA  d  ni!oocb  03  anw38$l  .8 
lo  18v81  eEvs  sift  iliiw  rnii  noiiiini  ilE  ei5sIw  (s!)  anoilEupe  Io  st&nhis  atioqsi  LVI  s!dsT 
ml  lnsmintani  oath  sw  asi&niias  (VI)  asldshsv  thinsmini2ni  iuo  ni  isiti  sloM  .bebu13ni  al  nu1oofI3a 
isvsn  rrrrsl  noitsitni  fIi  isdi  3IdEi  sill  moft  lnslsqqs  ailI  .111131  noilsis1ni  sib  iii  ions  lnsmsiuassm 
sib  asau  dVI  sldsT  .benoqsi  anoi1&f1bsqa  5111  lo  ns  ni  s3nsflinia  th313213512  asif3soiqqs 
is  niLoozba  01  inuisi  sill  lo  aioris  bisbnsla  bns  seismilas  sbivoiq  ol  sVI  sldsT  iii  ssismiiss  1fl8b1fl803 
IsvsI  ni1ooila  bevisado  lo  snsi  kuis  sill  iii  isill  tnsisqqs  all!  .gnilooiba  asem  lo  a1sv1  insisiuib 
gnulood3a  isc1icl  is  iswol  sis  sr1i  rluodi1  is1imia  sliup  sis  arruilsi  bsismiias  (aiss  ô!-1  hfuoi) 
alsvsl 
noilslsrxo3  sib  lo  lubo1q  erli  si  misl  noirsisini  sill  no  lnsi3fflso3  sill  isril  ssi&ibni  (  1)  noitsup3 
JD  ujo  saus38fl  .(d)  nh1oo1l32  03  iruilsi  sili  ni  iisnsoisisil  srli  bits  (y)  nilooi1aa  bits  li1ids  nsswisd 
ns  sw  nilootba  bits  iilids  nsswlsd  noilslsno3  8113  Isisisqsa  1i3nsbi  03  au  woith  astsmilas  J2E  bus 
lo  asisrniia3 
.  d  gnhlood3a  10  ifienscf  Isniizm  sib  no  viilids  lo  138118  sib  vlilnsbi  1srsisqsa  oath 
:wolsd  VI  eldsT  ni  sis  alluasi  bus  JO  sill  01  gnibnoqasno3 
bsiI5I  svsrl  gnuloorl3a  01  fruulsi  sill  ni  lisnsoislsi1  3111  sismilas  01  bsiqmsns  svzcf  orlw 
-lisa  diod  iol  10111103  01  a3a5l  1i1ids  bits  281032  QI  as  f13u2  1i1ids  lo  aswassm  sldsvisado  no  [!]  rliim  bits  sliloW  882  s1qmsxs  io  .lsubivibni  sill  lo  22513  lsi3oa\1i1ids  sill  bits  noibsisa 
a)13ns1  [fVQI]  aslsW  bits  nsmdusT  [E'Q1]  iSaUSH  [VI]  sausH  [8Q1]  IloqisA  bns  boidaisW 
5viEu13no3ni  ei  siulsislil  airll  lo  rl3uM 
.  R8QI]  nsisO  bits 
, 
[VQ!]  nsao$1  bits  21111W  [QVQI]  .Is  is 
Islrismnoiivns  bits  i3jj5fl5  iol  10111103  isllsd  £  illiw  EU  zsbivoiq  aniwl  1siinsbi  lo  slqmsa  sill  bits 
moil  sldslisvs  siB  siunsi  dol  bits  ausla  lsthsm  bits  nornu  iol  ni11o11no3  aslsunia3  .alrismwobns 
.lasupsi  noqii  alofilus  sib 
as3nslsllib  sill  hid  nsmow  bits  nsm  iol  '1slsisqsa  artoitsups  sasill  nilzmLtas  bsiil  oath  sW 
oiss  rnoil  lns,sllib  i11E3i1aiisi2  'l$Vsfl  818W  msrti  nsswlsd 3'fl  sldaT 
gnilooib  03  tnu3$I  9d1  iii  IisngoiH  lo  3&mi33 
sis  esi&niias  ibiriw  noqu  LVI  8IdLT  Io  nmuloD 
J?:  &ID 
()  (I) 
srii  ni  'cii  liegoisierl  sfli  Io  81Lrnui2 
(1d)  gnioozboiniuie, 
0.asarftnisq 
Lii  sis  iorxs  bisbnsi  3iioiqm1S  beismii3 
mo1t  iflsnsd  lBnigiEm  iwo1  £  svissi  asilimsl  ii1ids  isdgiil  mon  lsubivibni  15111  sis3ibni  srsmirs  sasilT 
ion  sis  asismiiss  silT  .ioisan9qmo3  i  gnilootbs  isrb  gnuissggus  insmlssvni  lLiiqs3  nsimid  iisili 
.isvswoil  oiss  moñ  insisThb  i1ins3fhnia  IlL3i1LiLi 
aniwi  nsswisd  gnuloOd32  Lii  s3nsIsThb  sth  sisrlw  (1)  anoilsupe  b  asismiias  noqs  sw  V  sldsT  nI 
lsiips  joozba  figirl  nsrli  ass!  si  flOiiS3UbS  5Ei5VS  aitisisq  3f1i  isiIirlw  ioI  lOiL3ibfli  its  iftiw  bsisisrai  si 
nOii3sisini  $58111  1sts3ibni  sidsi  en  iii  ailijas  sdi  sA  .Ioorba  rigid  nsrli  isissig  io  !o0r13a  rigid  ol 
nofl3sislni  sri  d  bei!qmi  airmisi  lo  nlsnsq  silT  moib  insisThb  Iinssi1ingia  1inio1  ion  sis  amisi 
lasrigid  srli  isri  aiasggua  rriensq  ir1T  .Isnsq  elbbim  sd  Lii  bSflisiflO3  si  V  e!dsT  bo  lensq  qol  sill  ni  afirisi 
noiiudiflaib  noiis3ube  erli  b  anoirloq  ieqqu  bits  slbbirn  ecu  ni  asililTisI  sill  c1  bsrnsfls  515  airiiiisi  Isioi 
.sgisl  !svilsIsi  sis  einsbiflso3  sift  lo  aioris  bisbnsla  sri  rlgijorii!s 
01  inuisi  Isnigrsm  sift  ni  iisnsgoisiscl  sri  iol  asismiias  sift  awoilz  V  sldsT  lo  lsnsq  monod  silT 
iaeggua  asismilse  stir  nisgA  .slevel  gniloorlaa  bits  ii!ids  nsewied  noiis!srIo3  sill  1110  28)153  Isili  gnilootba 
erli  nsswisd  snshsvo3  silT  .borlism  silsb  sill  gfiiau  bsls!u3!s3  sis  aioiis  bisbnsia  silT 
1irrm1  lo  siuassm  bill  nsswisd  noii3slslni  sd  bns  (y)  misi  asid  'iiIids  sill  no  1n8i31fl503  bsismiias 
.()  nmuIo3  iii  .8OOO.O-  bits  (1)  nmulo  m  VR000.O-  ai  gnuloorl3a  bits  bnuoigbsd 
sioIsd  ariOqsi  'arnwi  sri  gnigsIsVs  d  noiis3ubs  'ainslsq  sift  iii  ions  insmsiuassm  aasibbs  sw 
bits  bnuoig±sd  'Iims1  lo  sswassm  ZuOunuirlo3  bsau  oats  svsil  sW  .ashogsis3  sill  gnuissl3 
.si!uasi  is!imia  rftiw  niwi  isrtto  sd  lo  isdi  gnisu  rioqs  aniwi  sno  bsinsminiani 
= 
1.to.o-  EUO- 
(O4O.O)  (1l.O) VI 
niloofl32  iirli  01  vnulsi  iswol  sviss,  iilid  10  thvsl  isilgid  illiw  si!irn1  moil  2lubivibni  iili 
.ini1inia  ll  3iithit2  llsisns  ai  33n8IsThb  iili  noilibtm  nI  .insrmasvni 
niiisini  noi1upe  gniniBe  islimi  bslmiis  svsrl  [QQl  I  nnuQ  bas  ilnoilA  how  beisls  a! 
zsisl  sili  gniw  niIdi  nsswisd  2IsvsI  gnilooif3  ni  zs3nseThb  sill  dbiw  bnuoibsd  lims1  lo  siuassm 
iodsJ  lo  sviu2  1snibijtinoJ  lnoiizM  sift  bns  (U12q)  &irnsnU  smo3nl  10  bifl2  lsns  sili  iii  esIqrns 
sift  no  insbiflso3  bslsmiias  iisdT  .(2Jkl)  nsmoW  gnuoY  bus  usM  iwoY  lo  snsiisqx3  ishsM 
sldsnoass  £  sismitas  sasdb  ui  e&nsisThb  sili  lo  idiI  uI  .lIuas  bsxim  s3ubcnq  ff1151  noiI3Sl$ini 
tss  lslil  Ion  si  gniloorl3s  ol  nhtiis  bsrnsssni  sth  lsift  sd  sm  smil  sufi  Is  i1ussi  iuo  lo  noilslslcpsini 
.slsubivibni  sids  siom  iol 
¶slsvsJ  niIooth  insisThU  svsH  niwT  oCI  vrlW  .D 
sill  ui  Ss3nslsThb  anoisbsb  niloofl32  aniwl  lo  alnsninnsisb  sill  lo  noilslslqlsini  wo  isbnU 
mobns  o  ioiis  lnsmsluassm  ,sfllis  molt  11ui  lims1  smsa  sill  ui  aniwl  lo  lsvsI  gni!o01135  bsvisado 
3imOilO3S  sift  vIilnsbi  01  an  atifrnsq  noiisisxcpsini  suIT 
. 
lsvsl  gnilooilaa  mumilqo  sth  molt  anoisivsb 
ns  llsiiniV  .1ilids  3ii3ns1o  insbnsqsbrii  ii1idsiisv  nilooiba  [urns1-niiIiiw  mod  niloocbs  01  anwisi 
sis  sisrli  as  gaol  os  alsvsl  gniloorl3a  beiiasb  Is3ilnsbi  l3ibsiq  IIiw  anoiai3sb  gnilooibs  mumilqo  lo  Isbom 
Iirns1-nidhiw  ns  isth  noiiqmuass  sift  s3ni2  .lims1  smsa  sift  iii  aniwl  gnoms  asnsisThb  iilids  on 
iuo  01  Isiinsaas  si  anoiai3sb  gnilood3a  uijiw  bslslsrIcKuw  io  skfigilgsn  isiflis  sis  asnsis11ib  iilids 
iuo  i-ioqqua  01  s3nsbivs  ns  si  sisuli  isrllsrlw  ias  01  Iiulsn  si  Ii  ailuasi  153iiiqms  sift  lo  noiisisiqislth 
.noilslsiqislni 
sill  idi  nssorl3  vsrl  sw  amiol  Isnoii3nul  ii3iIqxs  sill  sliqasb  Isisnsg  sliup  Si  Iluasi  suIT 
abssl  (I)  noilsups  lo  noiisunolansii  snolonom  ris  sauE3sd  guiloorba  lo  alao  bus  lilsnsd  Isnigism 
snoloriom  ns  nsiblurb  iisib  io1  (I)  simi1qo  alnsisq  11  .levsl  gnilooiba  lsmiiqo  smss  suIt  01  lvl  gnilooubs  lsmilqo  Is3ilnsbi  oi  bssl  osis  Iliw  arIoil3nLiI  iiIiiu  iisth  lo  mus  sift  lo  noilsrrnolsnsii 
.blirb  11355  iol 81 
-non  iftiw  iisnsgoxs  inemu3ob  oi  iqmsn  iiiiw  bsiEboas  ihsiftib  sIdsisbiano3  scIi  siqsU 
wo  b  ii1idibe13  sift  no  issd  idi  gnibnfI  nii2s1sni  xi  sis  sierli  1nirfi  sw  s1sb  [sinsmiisqxs 
bsi1irxs1  s  neriw  1no  bsmioI  sis  sniwi  t3ilnsbi  isril  synosi  01  rnsnoqmi  i  Ii  iiiI  .flOilsislqisini 
sdi  as  aniwl  I3iinsbi  nsswisd  283n5isThb  i1sns  on  sil  sioIsisiIl  ns  sisriT  .lilqa  1Iinsbi3as  Si  gs 
moiI  si  sisb  iuo  ni  issqqs  lilgim  asansisThb  3ilsnsg  Isuil  sw  Ino  silT  .AMU  ernsa  sili  !sthsiq  svu1 
Esnisisi)  Ion  sis  sr1i  nsulw  Is3ilnsbi  as  bsfliaasb  113eno3ni  sis  aniwl  sisilw  ,o,is  Insmsiuaasm 
srft  bns  bssiIirxs1  si  gs  sno  nsuii  siom  nsufw  bsrrnoI  sis  Isviiasq  wdaniwT  sill  bnsfls  osis  oriw  aniwI 
IV  sldsT  ni  iilidiaeoq  airli  siolqxs  oT  (.eisiaia  io  aisdioicI  'isnitno  n&ii  i1I&iisns  sAils  siom  on  sis 
1iviIiansa  suli  snimsxs  lsrli  ni1oori3S  01  airnilsi  31fl038  sill  lo  asismitas  5VIISIrISIIB  thisvs  tIoqsI  sw 
issd  isrli  s3nsbivs  on  sbivoiq  sidsi  sill  ni  aMuasi  silT  .noilz3flxSasI3SIm  sldiaaoq  ol  ailuasi  iuo  lo 
niwi  ni  ioTts  lnsmsiuassm  isili  a1asgiia  idT  .i1uasi  sill  aisith  ninthwi  lsilnsbi  Io  noiisnirrnslsb 
.anibni1  iuo  bslsnhrnslno3  ion  asul  noils3fliaSsb 
rijiw  qu  bns  sift  lsrft  os  anoassi  3irnono3s-non  ioI  IinsisThb  beissil  ed  sm  aniwl  bno3e 
sliilw  beissil  sisw  niw1  isuil  sw  sill  Iisiib  siuassm  01  ilu3ffuib  sill  .asililids  ilsns-non  insisilib 
Ii  bni'l  ainsisq  isift  slasgus  awsivisini  niiub  bevisado  svrl  sw  s3nsbivs  1au2s3  sill  lud  qu  niwoi 
issihss  sill  lo  sno  slqrnsxs  io1  .I1siInsbi  nsull  sw  isrbo  ns  aniwi  ls3ilnsbi  isen  ol  l!u3iflib  !smstixs 
e!dsT  .asinsn  laifl  lo  lnsmniaas  sill  ni  si  llnsisThb  aniwl  1651  1urn  sdi  sisuiw  s3s1  ainsisq  anoisbeb 
isill  sfqmsa  -iuo  ni  aniwl  srfi  lo  esmsn  ii1l  sill  no  slsb  (woiomuil  Isomis)  sill  b  smos  anisino  HV 
sniwl  ls3iInsbi  iuo  lo  ins3sq  V  aeis3ibni  sidsi  sift  sA  .1!u3fflib  sift  duiw  sqoa  zinsisq  woul  esi&dbni 
1nsisq  O  saiwsAiJ  !islisI  sno  s1no  d  isThb  isili  ssmsn  bsd  1n83isq  I  bits  smuii  lsuft  asmsn  isiul  bsil 
beI3sqxs  vsr1  bluow  ew  u1uoullIs  islisi  smss  sill  iftiw  nisd  isili  ssinsn  bsul  slqrnsa  mo  ni  aniwl  sill  bo 
.noilsIuqoq  sib  rnot1  1rnobnsi  beis1s  sisw  ssmsn  Ii  ziisq  niwi  bo  ins3isq  8  Ino  ni  nsqqsil  ol  audi 
owl  lsdsilqls  sill  Iuou1uoiift  Imio1inu  bsiudiilzib  sisw  asmsn  1iut  ni  islisi  laiuI  sill  iI 
luods  10  ô\l  ni  ieflsl  emsa  sill  11Mw  nigsd  Isill  ssrnsn  vsd  bluow  Lubivibni  bsi3sLea  'lcnobnsi 
noiludinaib  Izub  sill  beau  vsii  sw  ivswoi1  beiudiiiaib  Irrrio1inu  Ion  516  SSfflSfl  83(Ii  .SSSE3  1° wo  sil  nisn  nommo  iom  8di  s  noisd  bns  nis)I  bns  b1snoU  has  blsno$L  smsn  Isubivibni  or  A 
lls1fl3s  sxs  aniwi  lo  sinsisq  sdi  ssrs3ibni  sidsi  sdi  2A  .iIsvirsqssi  sIsm  bas  sslsm  ioI  s!qmsa 
iñT  .noilsluqoq  1ssns  sill  ni  s3nsb!3n1  iisrfl  asmil  sviI  hssn  elsi  s  is  ssmsn  sasril  nilslss 
nO1i2  S  si  sisl  Is  noiisluqoq  sill  moil  asrnsn  lo  noitslsa  sill  ni  snsisThb  lnsflinia  '(lls3iiailsia 
.sldiaaoq  as  lislimia  as  aniwi  lsed  01  iqmsfls  ns  ni  asmsn  sasdi  nile1sa  szs  alnsisq  Isdi  noiis3ibni 
siom  bsviesi  bsif  niwi  sno  ilw  aniwi  sili  bslas  ew  evrua  mo  lo  mss  bnosa  sib  iii  bmirlT 
Io  niwl  bsis3ubs  assi  sili  isifi  asw  sanoqasi  Isbom  sill  aniwl  sismst  gnomA  .msilio  sill  nsili  gnhlooibe 
sanoqasm  lsbom  sill  aslsm  nomA  .('dol  s  ls  01  bsbssn  bns  bsomovib  lo  samsvno  sili  mo)  "bsrrism 
asanoqasm  bswi3Iriiafw  miJo  lo  1nsnsq  II  1nO  .aiasislni  mssms  insmsThb  bsil  aniwi  owl  sill  isrii  asw 
Iilim  ibidw  aAood  Is  msiisd  asw  niwi  snou  as  as3nsmsThb  rnlood3a  b  arioiisnslqxs  ibuz  bebul3ni 
.es3nsmsThb  iilids  as  bslsmqislni  sd  (lauoivdo) 
InsmsThb  aisf1sm  sitU  isili  bns  isivssil  sill  si  niwi  mod  lemib  sill  isill  beugzs  ssmiismos  sill  dtwoI 
smidisw  ithid  hss  isili  bsdsildsles  nssd  asil  Ii  sni  .drnow  sill  iii  eS3nSIJflnz  Isinsmnomivns  ifiiid-smq 
stU  Isili  sldissoq  al  ii  bsnisns  Isvsl  niloorlos  sqscfmsq  wrfi  bns  insmqolsvsb  boorlblimb  hss  l3sTIs 
lo  sissi  li3iIqxs  ns  lo  smsws  Ion  smsw  sw  s3ni  .niloods 
smom  asil  bns  sids  smom  diod  si  mod 
sill'  .Iamil  mod  asw  misq  sill  lo  ibiriw  no  beweivmsini  ew  aniwl  sift  moil  stsb  bsl3s!1o3  sw  siasilloqsd  im1l 
iamb  asw  niwi  mbirlw  nuIs3ibni  sldsnsv  inmub  s  no  s3nsmsThb  nuIoo113a  sill  lo  noiassmsm  £  lo  siluam 
.wolsd  JIIV  sldsT  ni  bsnislno3  sis  mod 
ill1  sill  rliiw  beisi3ctaas  ssmsn  lamb  lo  noil3Em1  l5u1z)s  sill  si  sisrlw  qa  siuqmo3  01  amsllsl  jail  lo 
rlliw  sisubivibni  b5135152  lmobiism  owl  gnFnssdo  lo  iiilidsdomq  sib  si  il3iilw  lsdsifqLs  sill  iii  islisi 
.slqmss  arliwl  sill  ni  asrnsn  lo  noiludhisib  15u135  sill  nsvi  msflsI  smss  sill  riliw  nisd  mill  ssmnsn 
lrliw  ithid  10  sb,  sib  lo  noiseu3sib  s  mol  ['QQI]  nsmdusT  bits  iewxnssoR  nsrrruls8  ss 
.gninniwl  bits LLIV  sldaT 
Jn9rnnizHA  Lnoiiub3  no  isbiO  dhifl  lo  bTI3  sifT 
:sfdshsv  in3bneqsU 
rfrrid  no  eis  odw  aniwi  !i1nsbI 
ni  3anelsThb  5di  no  bits  isbio  igs  oilw  aniwl  Is3ilnebi  ILA 
aI3VSL  ni1ooci32  18bo  riflid  no 
mod-ia,iq  840.0  £1  .0 
(ôI.0)  (11.0) 
010.0  100.0  $I 
1  1  .adO1o.o4 
ion  bits  iss'  a  lo  .0  iaom  is  ai  bsnisiis  afsvsl  nuIood3a  flu  83nsIeThb  sill  as1z3ibr1i  eldal  sill  aA 
-bsxil  £  fl  aniinss  !Io  insninnetsb  £  as  ,sbio  rilild  sbubni  sw  nsilw  t1uasi  £  sA  .tnszfuinia  lls3itaiisia 
(W.0.0to  rnris  bisbnsia  £  rliiw)  10.0-  in&fliniani  tts3iiaiisia  £  ai  in&QIflso3  afl  noiaass  (VI)  absfls 
ii1ids  isili  s3nsbivs  slilil  woila  ai1uasi  sasifT  .sgnsd3  ion  asob  ni1oorba  no  insbiflso3  sill  bits 
.nibni  •iuo  ni3nsuRni  sis  as3nsisThb 
asldsnsv  ibiilw  ol  insixs  sill  sismuias  oi  biwio1iclisiia  sill  aniwi  no  £isb  no  gniw  ilftiq 
ni  13srIo3  sis  ew  II  .insrnnififls  tsnoiis3ubs  iii  iiIidsiisv  id1  inijos  bnuo3sd  1ims1  (1Mw  beisi3oaas 
liismiiq  sinsesiqsi  aniwi  ts3iinsbi  Io  ii1idsiisv  ni1oodaa  IimsI-niiljiw  sili  isdi  noiisisiqislni  no 
£  ntslqxs  111w  asldsiisv  bnuoigA3sd  1ims1  16(11  saoqqua  01  sldanoassi  amsss  ii  aioiis  noiisimiiqo 
iii  ii1idshsv  sill  b  siuassm  wo  s1qi3nhq  nI  .atsvsl  ni1ooibs  iii  83ff6  sv  sili  lo  (10113511  ins3fhnia 
(5l  si  lad)  &nsiisv  bsnislqxs  sill  ot  limit  isqqu  ns  asbivoiq  bnuoibsd  1ims1  01  sub  slsvsl  nu1ooil3s 
isqqu  suiT  .asldsnsv  bnuoibsd  slims1  no  alsvsi  nulooiI3s  lo  noisasigsi  £  d  bsnisfls  sd  bIuo3  isili 
sia  slsvsl  ni1oodos  oic1w  asibuis  1s*iiqms  ni  bsnisido  isili  itsifi  isis1  sd  s1qi3ni1q  ni  b1uoi1a  Mmii 
asldsiisv  bnuoigbsd  slimsb  sldsvisado  no  bsaasisi 1itsioeili  sill  sis1u31&  01  VIBaP835n  flhlOOfl32  fli  1ilidEhSV  1im1-nirliiw  bn  lioi  no  LIEb  silT 
ni  bsniino3  si  bnuoibsd  1irn1  il  bsniBlqxs  lnsmnisfls  niloofi32  fli  53flthV  sib  no  bnuod  isqqu 
.XI  SkIBT 
XI  9IdIT 
niloo,b  lo  2.gSnsilkV' 








OF.0A  QQA 
.ions  irismsiuassm  bsislerIo3  iol  bs1sno3  siii  s3nthisv  ssilT  t 
bswasm  sili  lo  s3nshsv  sili  ni3lqsi  d  ions  insrnsiussm  iol  XI  sicisT  lxi  33fl  SV  sill  iujbs  sW 
o)  lsvsl  sib  1o  asiuassm  tnsbnsqsbni  owl  sill  nsswisd  s3nthvo3  sill  illiw  (s3nslsflib  io)  lsvsl  niloorb 
-QQA))]  ins3lsq  ô  iuods  insasiqsi  ions  insmswasm  5lz3ibni  sidsi  sill  A  .(s3nsisThb 
s  inssiqsi  ions  insmsiussm  sfirlw  nilooib  beiuaism  ni  s3nthsv  lsioi  sill  lo  [001  x  (QQ.4A(00A 
sili  lo  nothaqmo  A  .&nshsv  1ims1-nirlliw  sill  lo  [001  x  (1  \(C8.  I  -I  .))]  ins3isq  isgisi  il3um 
0ô  luods  2nisIqxs  bnuoigAsd  'limi  iosili  ni  isill  ssi&ibni  stdsi  sill  ni  (4)  bns  ()  anmuIo3  iii  iIues 
sill  lo  ibum  isill  sisibni  slith  iuo  tibik  ii!  .insrfmisfls  gniloocb  ni  8311511Ev  sill  lo  tfls3isq 
iuo  rIliw  insiiano3  i  thiilw  esilims1  ois  s3n81sThb  01  sub  i  enoii3sb  gnilooil3  ni  lilidsiisv 
asismiis  niwi-niiljiw  sill  isril  sis3ibni  bns  s3nsisThb  gnilooib  1o  siulsn  bns  nigho  sill  lo  noirsisiqisini 
.asismiiss  niwl-ois  sill  nsdli  bsasid  eesl  sis  gnilooib  ol  Irwisi  sill  lo 
gniw  d  lilids  01  lnsnoqmo3  3ilbsq2-niwl  £  l  s,sdl  isillsffw  lest  ot  sldioq  i  ii  llsniq 
ob  oT  .si1irns1  niiliiw  bns  ois  isThb  isrll  iiaiislasisib  s1dsvisdo  isillo  sill  no  slith  (I5l1i3f15 
bsisqmo3  sd  sm  eol3s1  bnuoigl3sd  'Iims1  d  bsnislqxs  s3nshsv  lo  nOii3Eñ  lsiisiosrll  iilT 
.C.0  luods  lo  [VQI]  nsmisrlissl  bris  iswsll  ni  $I  bslsmils  sib  riliw 1hnilt  10  noiinu1  s  si  ,level  flu1O0ff3S  bevisado  edi  (VQ!  aed3iIi1t)  Io  thiqa  eth  iii)  isdi  srnuaas 
isrii  Os  (MA)  'iiIids  3itheqs-1zJbivibth  tnebneqebni  as  Hew  as  ()  ii1ids 
+  +  =  () 
'arüwi  ecu  8E13v5  eñi  Leve!  ni1oorba  i1imgI  eilT  bns  lo  inebnsqebni  ai  eiecfw 
nedi  ai  aIeve!  nh!oofi3a 
() 
515  aniwi  ssois  bns  sniwi  riirliiw  isv  tsifi  (X)  iiai1sisisfb  sldsvieado  iedio  isifi  esoqqiia  woM 
iszli  os  llw  as  iilids  rliiw  beislsno3 
bitS  (4) 
t'  +  =  () 
si  a3iia  etsisib  isrilo  bris  ni1oorl3a  to  aeiuasem  limst  ssois  edi  lo  lnei3ifteo3  noiisleno3  edT 
siedi  Ii  'Ino  inz3l1inia  ed  111w  noitsleno3  airiT  .[(15V(2)isV]\[(.A)isV  ]=(X)iioD 
(Oa  j)  nuloofl3a  oi  beisisi  ai  iiIids  ui  bits  (0  <(A)niv)  iilids  ni  asi1imst  550135  1ilidsi15V  ins3flucIia 
neewied  noiisleiio3  eili  isrii  aworis  ()  bits  ()  snoiisupe  gni3nsiSThU  .(0  )  X  3iiai1et3s1sd3  sili  bits 
]=(Xt.A)noD  si  a3i15113135i5i13  slclsiuassm  iedio  bns  niIoocba  fo  aeiuassm  lims1-nirliiw  sill 
ai  level  iilids  s'limst  eili  Ii  isifi  eaoqqia  ol  eldsnoasei  sill 
bslsleTIo3  ed  oats  111w  level  iilids  a'tsubivibni  its  neil  (01t  isil  oa)  X  eldsvieado  its  cfMw  beislsllo3 
.0=  [\(LiA+  1A)}  isrli  os  bits  eilzrrrion  eW illids  1irnsI-nicfiiw  lo  s3n8sq  sill  ,oI  iasi  sm  ew  uifT  .(O*  isili  o)  X  sldsvis&lo  sms  sill  illiw 
diiw  ii,sisisrb  sIdsiussm  bits  niIoocb  lo  anoilslsTzo3  lims1-sos  gnnsqmo  'd  s3ns1sThb 
isdi  sbubno3  sm  ew  E3ilthsl351sIb  smo  idi  insflingi2  sis  ismiol  eu  II  .SnoiisIeTIo3  lims1-niiliiw 
-niiliiw  sili  II  .iilids  ni  ,eThb  si!ims1  isdi  bits  iilids  bsiupsemnij  cliiw  beislerio3  i  3iiaiiei3sisfb  edi 
noiisiisv  1irns1-niiliiw  i  sierli  isifi  s3nsbive  svsil  ew  neil  1insflini2  oals  sis  ss3neieThb  iilids  lims1 
islni  ns  ew  ievewoil  eldigiIgen  sis  anoilsleTIo3  niwl-nirlliw  sill  1!  .ailusi  iuo  sid  sm  lsrli  iiIids  iii 
.s1smi1s  iuo  ioI  sid  lo  sutuo  insnoqmi  its  ion  sis  niwi  neswisd  e3n5isThb  iilids  bsviedonu  isib 
eldsvie&Io  ierlio  Isieve  bits  e3neieThb  nilooilo  neewied  noiisleno3  ineaeiq  ew  X  sldsT  it! 
i  isdi  noiisiisv  lims1-oi3s  sill  no  beasd  anoiisleno3  woif  lsnsq  qol  silT  .aniwl  lo  &)iiii3i3siscf3 
sill  no  bsasd  noiis1srIo3  eu  eismiis  ew  1snsq  moilod  sili  nI  .3iliie13sisrl3  'aniwl  efli  lo  egsisvs  sift 
ineisq  I  sill  is  ins3l1inf  2  21  noiisleno3  eili  isclierlw  els3ibni  thhsias  silT  .as3rlsisThb  niwi-niiiiiw 
dol  bits  aiilsla  noinu  as  1131J2  , 
23i321i8i35is113  sill  lo  nsm  Isnsq  qol  sill  it!  level  insisq  01  io  ine3ieq 
sill  Isill  niis3ibni  iscfio  &se  1111w  bits  noiisube  ssisvs  riliw  beisIsr103  linS3i1ifli2  sis  siunsi 
lo  anoijsleriO3  sil  bnsrl  mrlio  sill  nO  .noiia  ai  &)iiaiisisisfl3  easdi  bits  lilids  neewied  IlOiiSIsTIoQ 
siunsi  dot  bits  auisie  noinu  insmolqms-1lea  usd1  ni  ae3neieThb  bits  aniwl-nidhiw  as3nsisThb  niloor13a 
belsqmo3  s1diilen  sis  as3neisThb  sli1ids  niwi-niilhiw  lsrlh  e3flebive  gnoila  aebivoiq  irlT  .s1digi1sn  sis 
nuIood3a  01  aIrluisi  ru  asid  1ilids  ns  isdi  asilqmi  rrwi  iii  aiilT  .aeansisThb  1ilids  1ims1-eaoi3s  01 
.ioismiias  noil3sa-aaoi3  sill  iii  nsili  ioismiias  niwi-nudhiw  ecu  iii  ,sllsrna  ai  eslsmiiae 
sill  asnimsxs  siuisieliI  gniwoi  A  .noiis3ubs  a'sauoqa  ai  slqmsxs  nu1lsqmo3  1islu3itIsq  A 
iii  asiuiiladua  io  ainsmslqmo3  sis  noinu  Isiiism  s  ni  alsubivibni  lo  a3iiaiisi3sisrl3  sib  113111w  01  lnslxs 
01  iesqasi  illiw  niism  eviisrioaas  eviiiaoq  lo  anibnh1  anoqqua  sisb  ibuM  .noii3uboiq  bloilsauorl 
sill  bits  noi*3ube  sauoqa  ssisvs  ecu  nsswisd  lo  noiislsno3  s  sisiniie  oals  eW  .noiiE3ub3 
aeiiiIids  iieil  ni  as3nsisllib  i3sftel  oals  aniwi  neewisd  aeensieTllb  ni1ooiba  sill  II  .aniwi  sill  lo  noiis3ub5 
illiw  bslslsiio3  sd  oats  111w  asauoqa  aniwi  sill  lo  as3nsisThb  ni1ooiba  sill  nsswisd  noiislsiioQ  sib  neil) b8Fnsm  818w  odw  2niwl  sodi  iol  Isdi  bnfl  ew  ievswoH  '.&ÜWI  8111  b  83n3x8Thb  gniloocb2  8111 
niwi  3111  111  8ns3Thb  di  fijiw  beIslsTTo3nu  lli1ns  2j  2!8v81  noiiub3  'auoq2  i8r11  ni  &n313Thb  sift 
.l3v31  gnilooc1a 
niwi-nidhiw  bnE  iIims1-o,a  sib  nsswid  snsisThb  8113  113111w  ol  lnsixs  sib  siolqxs  01  ,sb,o  nI 
ni  X  sldsT  ni  s2i38x8  8111  betsqsi  sw  ioiis  insmsii  sm  03  sub  i  noiis3IJbe  Iauoq  1111w  anoilslsno3 
3113  bo  8SI8VS  8111  no  nOiis3lJbs  '2suoq2  8(13  bo  sisv  8111  bssi  ew  1iiI  .*iowsrns  noi  8181  £ 
ni  sotisisThb  niwl-nirliiw  sf1  bxs,  usd1  SW  ;(siscn11as  1ims1-o13s  sf3  nisido  ol)  noiisubs  'niwi 
bs3n3miri3ni  sw  iftod  nI  .1svs1  noii&ubs  'eniwi  8th  ni  33nsisThb  8111  nO  flOilE3ut)8  'sswoq  3111 
.wolsd  IX  sldsT  iii  bsinssiq  sis  i1usi  silT  .eioris  insmsiussm  b  18r1o3  gnimuas  ni1oo&  o1 
IX  sldsT 
noiis3IJbH  2'swoq2  no  nOils3Ub3  nwO  10  ts113  8111  lo  zslsmil3  VI 
:sldisv  insbnsq3U  :sldsiisv  insbnsqsU 
noii&ube  'swoq  L  noilsoubs  'aswoq 
()  (I) 
(1irnsI-o3s)  noils3ub3 
(480.0) 
Qf0.0  noiis3ubH  L 
(4.0) 
I  I  Q  snoilsvisdo  o  isdirnji4 
noiis3ube  '3IJoq  lisfil  filiw  bsisI5rIoa  ins31ini  i  nu1oof13  'sniwl  8113  noiisIsT1o3  8113  iliiw  A 
niwi-niibiw  sill  niau  oiss  issu  03  assssisb  lneiaiTIsO3  8111  811(1W  flOi15iI5v  hims-oias  8113  niau 
xsfltIIft  sbivoiq  ailuasi  sasrlT  .ioris  lnsmsiuassm  01  sub  1iuins  Ion  ai  83fl8!8Thb  8111  awiT  .noiisiisv 
3iIids  niwl-niiliiw  d  bsnirrrzsxsb  1s1oa  ion  sis  as3lisisThb  nhIood3a  niwi-niduiw  8113  Isift  s3nsbivs 
-aaoi  usd1  asid  ii1ids  aasl  nisino  gnhIoorI3a  03  rrluisi  8113  to  astIimiias  niwi-niduiw  isili  bus  a53115I5Th1) 
.zsismiias  lfl0ii38a 
no  siiflsisfll  8113  b  nofaau3aib  s  ioI  [QQI]  nsmdusT  bus  iswnsao$I  nsmufsfl  ss 
.afwj  Is3iin3bi  noms  insixs  sill  bus  ni3sm  svilEiioEas ilues$1  !i1igm3  sili  10  anoi33ilgmI  .U 
lziisiosth  sill  nidhiw  noiiEislcpsini  bls  1oulilgiri2  £  svsil  Jhiasi  ssth  s1orlw  a  nsAT 
IirliIe  svissi  iilidz  lo  218v81  isi1id  illiw  Isubivibni  ith  lsgu  sdT  .svodz  iuo  is  howsrrthl 
llsnigism  S1E  ni1oofi32  01  lflLflSl  8111  lo  8imuI28  1flO  8-013  i!lJ81  £  aA  .gniloofi3a  lo  1svsI  isdgiñ 
svissi  m  1ubivibni  1i1ids  isi1uI  sill  smii  smz  sill  IA  .sIdFiv  1i1id  beflimo  us  d  bssid  biawqu 
insbnsqsbni  i  slubsuba  iflsnsd  lsniism  sili  Isdi  nimuA  .nilooth  oi  iilsnsd  lsniism  iswol  lldgiI  s 
bus  iilsnsd  I&nigism  bsilqmi  gnillijasi  sill  wor1  I  swgiI  ((E)  noilsups  ui  ss)  gth1oo±  lo  lvl  silt  lo 
ii1ids  iswol  sill  suss8  .siiiIids  wol  bus  r1giil  1111w  slsubivibni  io1  sviu  1503  Isnigism 
lsmiiqo  iisrlt  iiidi  i3sqxs  bluow  5W  gnilooths  115th  mo1I  li'Isnsd  Isnigism  isrigiul  s  svissi  slsijbivibni 
smsa  srli  8361  aqIJolg  owl  sill  Ii  slsubivibai  iii1ic1s  isdgid  sri  iol  isdi  nsrll  eilgirl  sd  bluow  Iv1  gnilood3a 
asilqmi  gnilooiba  som  5v15381  sisubivibni  lilids  isrigiul  isdi  3351  8111  ivswoH  .SsviU3  1503  IsrIiglsm 
gniloorl3a  lsmilqo  srli  iluSsl  £  sA  .abnul  lo  1503  lswoL  s  3361  13s1  iii  ob  sirnibivibni  iiIids  isulgul  isdi 
lewol  liSrIl  siiqasb  sisubivibni  iiIids  swo1  10  saoth  usrIl  Isulgirl  IldgiIa  ss  slqosq  ii1ids  ulgid  lo  alsvsl 
sqola  sill  iucl  1sisnsg  ni  asgsw  srlgirl  vsd  afsubivibni  ii1ids  lsIlgid  Isili  Iqmi  ailus  ssr1T  .ainiflsi 
.alsubivibni  iilids  iswol  lol  15111  usd1  islisfi  si  sliIoiq  gniIoorl3a-sgsw  iisrli  1o 
rigid  iol  islisR  si  gnifoorba  bus  asgsw  risswisd  qirlanoiislsl  sib  lo  sqola  sill  Isill  gnibnit  silT 
rigid  isv  £  is  O13  sm  asIIJbsrl3a  sgsw  owl  sth  isuli  asilqmi  slqosq  iiIids  wol  ,ol  usift  slqosq  iilids 
1no  516  iIijsi  sasril  551uO3  10  .sldiauslqmi  noils3ilqmi  sin  bnft  sm  smog  .gnilooubs  lo  Isvsl 
1o  sgns  sill  sbisiuo  sisluz3sni  sd  sm  bns  rniol  lsnoii3nuI  gnihsbnu  smos  or  snoiismixolqqs 
Isniglsrn  sill  sisriw  sno  si  sgnibnfl  sasill  rijiw  insiSiSno3  osis  1sbom  sviisrnsils  nA  .noiismixolqqs 
bsislsTlo3  lsviisgsn  315  51503  Isnigism  sisilw  bus  Isvsl  gnilooiba  sill  ilhiw  ssassl3sb  gnilooibalo  iflsnsd 
.[QQ!]  gnsJ  bus  [?QQl]  bisD  ui  as  1svs1  iilids  thiw 
515  ailuesi  sasdi  slub3fl35  iflsnsd  Isniglsm  sth  1o  sqols  sill  luods  noiiqmiJsss  1511115  isbnU 
sgisl  as  iassl  is  sis  isdi  gniloorl3a  01  rnulsi  sill  1o  sslsrnitas  as1drisv  Isinsmuiiani  inssi  rfliw  lnsiaiano3 I3e11  2sibuia  1om  ni  beau  insminiiii  efb  83fli  .8ismi18 
asinIJp2  rassi  visnibio  ineIviup  sift  s 
IiiI  sis  Insmirxisni  sill  dgirl  ai  gnulood3  lo  io  Esnigism  sill  moilw  iol  1sijbivibni  lo  nuIoorf32  sili 
eoth  as  ff3ua  affisnsd  lirniism  tliil  iliiw  alsubivibni  lo  niloorl3a  sill  no  bslls  srnoinoqoiqaib  £  svsd  01 
as  tassi  is  sd  01  bnsi  asismiias  asldsiisv  Isinsmznlani  sasrli  u&s8  .asiIimsI  bsgsiimvbsib  motI 
iswol  svsif  abnuoiL3sd  bsgstnsvbs  siom  moft  alsubivibni  isril  tasua  sffi  tsmutas  JO  silt  as 
.nil0Off3a 
01  aniulsi  lsniism 
noiaubnoD  .IV 
15(11  noiisnirnsteb  smoni  bris  arnsmiasvth  ni1ood3a  lo  Isbom  slqmia  £  anistno  sqsq  airiT 
.smoni  bns  ni1ooiba  thod  lo  noirznhrrisisb  sili  ni  iilids  eldsvisadonu  1o  foi  lsiirisioq  sill  asiasilqms 
inslsviups  1Iiisns  lo  ainsmiasvni  niIooda  sili  isrli  asilqmi  Isbom  thft  anoiiqmuaas  smoa  isbnU 
alnsninrisisb  sifi  01  bsislsl  Ion  sis  isili  anoijsivsb  mobnsi  moil  rinqn  smsa  sill  sd  oals  binoila  alsubivibni 
bits  asns  smsa  sifi  svsif  oilw  aniwi  Is3iinsbi  iol  betelIo  svsfl  sw  sisb  niaU  .asiod3  nilooiba  lo 
lnsiaianoQni  &nsbivs  sinif  asbivoiq  alasi  i3elibni  bits  i3slib  lo  i5i1sv  £  isdft  bniI  sw  bnuobsd  ',1irn1 
ssw  srli  lo  aiasiino  isili  awollol  ii  sviiasua  ',1no  sis  aiIuasl  sasdft  rigijodhiA  .aiasthoqd  airli  rfhiw 
01  SW  lulsau  'hslu3itisq  £  sbivolq  sm  as3nslsThb  noiiubs  usd1  riliw  aniwi  Is3ilnsbi  lo  as3nslsThb 
.aniinss  no  ni1oorf3a  lo  133115  1saus  5(13  sisloai 
Si  nilooibs  01  iriulsu  ssusvs  sill  isili  sismitas  sw  aniwi  lo  asisu  sgsw  sill  lo  aia!sns  iuo  mouI 
sill  isifi  tasggua  oats  asismitas  ui,O  .alsubivibni  ls3iinsbi  1ls3ilsnsg  uol  bsnisfls  1ss  isq  ins3lsq  iuods 
uol  asisansqmo3  niloor1s  isril  os  lsubivibni  iilids  tight  101  uswol  1hdgif  a  sd  sm  gnifoosbe  01  aniuisi 
.[I]  sauo5l  bruisns)l  bits  [EQQ1]  blED  JIQQI]  isgsiri)I  bits  isiugnA  s1qmsx3  icñ 
sis  rbirlw  5gs11o3  lasissn  sth  moil  s3nsiaib  10  wl  gfnlooll3a  v1oa1uqmo3  :sis  ainsmtrilani  Is3iqT 
51203  noiisfloqensii  morlw  iol  saodi  bits  aluoqoib  Ioodl3a  ilgiti  no  i3sqlni  ia3issi  iisrii  svsif  01  Isli1 
.sviiidirloiq  svoiq  bluo3 
.[QQI}  gnsJ  bits  [1]  bisD  ni  bsqolsvsb  si  noiisnslqxs  eirfF WGU!jG O 1JGL!OU pA bnpjc OL bLuuG CJ3OCGV
iO LGCGUI C!!W2 qJj GIJGC COL2 bLGqGLGI.WUG GqtTcou uq !UCOWG uq2fTC qGLGUCG2 LG UO
HJ CpOOJ!IJ GcnG WGA 9CG JOMGL UILJ1J C0212 O qotu 20 JJJG2G LGIIJi 21mJq !IJ 2JJth coup
ORL WGOLGPC 4LUIGMOLJC JG2G 1JIJq!IJ2 1.9JCGU IOGWGL !UIbIA 1!'t P!P Pll! !UA WOLG
MG juq qm Abcj CLO2-GC1!OU WSG O4 qJG LGWUJ O CJJOOJU LG J!IJtIA nbMq p2Gq.
GUG(C qGLGucc HOMGAGL fl1JJIJCGJJGLG2flJ(2 LOW IJJG 2W1GL UJbIG !U V2PGUGUGL uq }(U1GGL8 
iuwT  1sin9bI  io  xh3n}#I  noitaI9rIoD  :1  xibn9qqA 
a'lefboM  e'ioiftoM  e'idi&I  '1sdJEq  3IJb3  3ub3  3ub3  3ub3  sw  oJ  8BW  goj 
3Ub  31Jb  3IJb  301)5 
000.1  sw  oJ 
000.1 
000.1  à4.0  1F..O  noü3ub3 
000.1  U.Q.O  VOLO  t.O  noiE3ub3 
000.1  ôV.O  V.0  4ô.0  1t.0  noiis3ub3 
000.1  1Q.O  QV.0  ôV.0  ôF.0  Q1.O  rIoi1E3ub3 
000.1  N.0  ô.0  £ô.0  QÔE.0  Q0.0  &)0.O  'isrft1 
1flOi3Ub5 
000.1  1V8.0  QÔ.0  ô44.0  4VLO  VL0  11.0  180.0 
000.1  8.0  I8.0  4?..0  Q.0  0Q.0  0.0  QVO.0  e'isdioM 
000.1  0S8.0  t0ô.0  4V.0  V?..0  &.0  VOE.0  E.0  R0.0  080.0 
fIOiiS3IJb3 
2jN  niwi  Io  noqsi  "T  niw  i  noiis3ubHN  sw  nwo  isd\2id  lo  tioqsi  '"i  niwi  ai  oF  .noiir13do  0  SiB  sisriT 
.noiiszubs  'insiBq  sili  b  tioqsi  a'i  niwi  i  "noiiube  'insiL  bnB  noiiiibs 3D4$1I3$1 
"3Ut  O  rrWI$$I  51U  (IiffthI  10  2r38113  effT'  1I1I1JU  smor1T  bn  fIq80t  iino31A 
.4OV-Qô  (QQ1)  IIWXXJ  &ir2irsr  bns  a3imono33  10  w31v8.g  silT 
"IsboM  s1dthsV-ni-21on3  issni1noM  sill  iol  ioimii3  sIdgiiV  !insmirrJanIm  ouaY  BiimsmA 
.Q8-F.V  8Q1)  IIIVXX  izismono33  lo  Irriijo1 
"anu1nB3  bits  niIoorLz2  bellA  flf!0ofi3  io1uqmoD  soU  su  .fl  itsiA  bits  .U  iidot  tehnA 
.4!O1-QVQ  (1QQ!)  IVD  imono33  Ip  Iznupt  vhrzsuO 
10  s1qms  wsM  s  ni2TJ  niIooib  or  ainuis$1  sill  niismir3M  issuiA  usiA  bits  iO  isiIs1risdaA 
.€V-VZII  (4QQt)  VIXXXJ  wsivs$I  imono3  n&hmA  "niwT 
03  s3n51&1s$I  Ishsg  iftiw  aiIsnA  tsiiigm  bus  IijsiosuIT  A  :tsiiqsZ)  itsmuH  2  isD  isbs8 
.(noiiibs  biE)  (EQQ1  osirfD  lo  iaisvinU  suiT  :11  os3id3)  noiis3uba 
ybui  A  :szj  3imono3sobo  as1sW  .1.  snsisT  bus  rtsmcJusT  Ius  sdiriH  .S  il  sisl  nsuncisa 
-drioki  :msbislemA)  niiood  bits  .insrnrioiivn3  iimsI  .einsmwobn3  3i15n30  lo  als11  sililo 
.(08Q1  bns1IoH 
lo  noils3oi!A  sub  bits  1risrnwobn3w  nsmdusT  1us  bits  iswxnso$I  .$I  *tsM  $1  sis1  nsrrnils8 
lo  Isurtuot  insmhsqx3  aniwT  suiT  :is*xsM  ssirisM  suli  ui  bus  iimsI  suli  ui  nuIoolf32 
.tV-!  El  I  (lQl)  lID  vmono  IijiloI 
nA  :s'08Q1  sili  ni  ssW  lo  siijtnrr2  sib  ni  2snsrIDM  noanulot  siosO  bus  nuIol  bnuoa  Q'l)  IXXXJ  wsivS1  3imono33  nsthsmA  "noilsnsIqxa  sviisnisilA  lo  noisuIsv3 
.Q-I'E 
"gniIoorb2  01  rnu3$l  eu  elsmit2H  01  iimixoiq  seIioD  ui  noithisV  3iuiqwiosO  ni1JM  bivaU  bsD 
.EQQI  E844  .oM  ieqs  nDhoW  uknss2s$l  imono3  lo  uasv8  InoiisM 
nornolo2  impno3  iodsj  ui  thiasesK  ui  "bs1iaivsB  iiIidA  bits  niIooth2  gthins3 
.(Ql  si  IAL  :TD  rbiwnssO)  ioiibs  isd3sIo 
sub  bus  noils3ub3  01  &nuis$l  cisnsM  '(iilsuQ  Ioorb2  aeo(F  isgsin)I  11  nsIA  bits  bivsCI  bisD 
(Ql)  D  moito  1siri1oq  Ip  lsniuot  "sisi2  bsiinu  sib  111  21001132  3ilthJq  lo  23i3th5l3sIs11D 
IIIVX  e3i1ismono3  Ip  Isinuot  "sisU  j5n5q  o1  2IeboM  noiasis$l  siaiisvii1uM  tsD  nishsdmsufD 
8Q1) 
s3iorID  2uouniinoD  s  ulliw  ul3solqqA  si8  iivi13eIs2  A  :itiIooib2  01  aunulsM  silT'  nuIot  neisO 
.8l-QQI  I  (48Ql)  HJ  £*I1smono33  "sIdsiisV 
JV  53h18m0no33  "arnsIdoq  3TJemono3H  smo2  :niIoorb2  03  eiriuis$l  sib  ai1smii23M  ivX  asil3iIi,E)  .-I  (VVQl) 1iji1gq  1o  1&riuo1  "inu2  £  1o  aninnis8  :3imono33  ff1  bns  IeboM  th1di2'  —  .2-V2  (QVQ1)  IIVXXXJ 
XXXJ  vmoao33  lsziiilpq  to  Irrwot  "nu1ood3  bns  ii1idA  :slfIoiq  nifnE  .D  nilot  ewH 
.81-QO!2  VQ1)  1  ni  ".noiisub3  at  21nu13$I  1thin8i5u1iQ  bn  bnuoi±s8  3!ffl0nO38Oi30  .M  fl8do$L  iewH 
3im3bs3A  :*ioY  weVl)  noiis3ub3  ,er1iH  Io  ai3agmI  srli  no  83118biv3  mo  S18flM  ss1IoD 
.(VI  e.idI 
i38qo1  bn  bn31T  :gniIoofb  Io  ii1sIJp3N  n&rfl8r1i8  .J  bivU  bns  .M  n&Io$l  i8uiH 
.O1-QQ  (VQ1)  1!  n0138311b3  g  vo1obo2 
bn  noi1fliin8bI  1l3wo  .J  smst  bns  E1iJmid3I  oAidsbiH  8W8M  .N  snjidW  .A  nst  nsmw11H 
-V  (IQ1)  J  &ill8mono3H  lo  [turiuot  "43boM  1di1EV-th-1orI3  1imon1oq  1o  noiimiiz3 
311110  ttnoI  1flOii3fl1J1  8111  no  s3flsbiVH  1iiiqm3  i8iioq  nomolo2  bris  .1.  smst  n&n±eH 
XIXJ  noi3sboA  i1iifii  niismA  8(1110  lBmuot  "qirfanoiis1s  ni1oob2-niins3 
.4-O?.  (4V1) 
lo  wsivs$l  "noii3ub3  ol  rnui$I  8th  111  i3&fl3  niqs1  no1o  isD  bn  a&nor1T  1noh3rnJH 
.VV-V!  (V8Q1)  XIXJ  &i3eiti  bns  imono33 
ff1  81u13wx1  asD  baB  snsi1is1nI  :8uD  1138  8flT  ii,uM  sFIsftD  bnn  .t  bff3i$1  rnsiairneH 
.(4QI  2281q  8311  3flT  :hoY  w3M)  sIiJ  n&)n3mA 
Ip  eiflBnifffl8t8U  8ff!'  Vb&8IIA  i3E)  orIW  .Is  is  nsioioD  uM  fls1fls8  nsu  isr1qo1niD  bn3t 
.(QV1  4oofl  ifl  :hoY  w3M)  nh3mA  ni  3imono3H 
a!  :ass11o3  Y-iuoq  bn  -owT  01  acriuis$1  ishM  odJ  auo$l  .3  ailisD  bnB  .1  asmoriT  8ns)1 
noi138  anortsls$I  Eshiaubnl  iiai3vinU  nojs3nhlq  cIStISM  assisU  oU  bns  iibiD  £  iibsiD  £ 
.fQ1  11  .oM  ioqs  nL*ioW 
bns  1qqu  :V8Q1-Q!  agsW  svi11s$1  in  asnsr1D'  dqiuM  .M  nive)1  bns  .  s3nsw5J  is)1 
8V-  (QQ  1)  IWD  a3imonoo3  lo  1nuot  vh8izsuO  "aoi3s1  bnsmeU 
fla13virIU  noiaoH  "noiis3ub3  01  rnuls$l  8111  1)115  aSifi  is$1  inhJ032iU  aai8  ii1idAM  nivsA  gnsJ 
.EQQI  oemim 
lo  w31v3$1  A  :1iIsupsnI  aniiru3  bnn  alsvsJ  aniins3  2.1J  snsrrwM  .t  frxscki$I  bns  kisiI  (v3J 
-ECE  I  QQ  1)  XXX  siulsisiiJ  3imonoQ3  1o  [srnuot  "anoiisnsIqx3  baoqoi1  bns  abasiT  111838$! 
.18 
:iiais$1  1im1  niwT  sioasnniM  sz1T'  nss11sT  .A  bns  suO3M  .M  .,t  bisrbuo8  .t.T  .T.Q  n3)bfsJ 
.OV-C  (OQ1)  XIXXX  IoII3rnsD  b3M  33n3D  s3zA  ".anibniq  IiiinI  smo2 Edflt!0U2M ECOUOWL!C xxx(jç-g'
GI!1JGL vwojquqH' 1pG!I ,JJJLGG 2MG Ft 2: 2!WflttSUGOfl Et!Wt!0U o, 2!wnttuGon2
VLGt!OIJ BJ OflUJ O tJJ yWGL!cU 1t!2LCI y22OC!t!OU FAIl (JQY -'
GjJUGLyuoq NV" EWCGUt O E2t!Wt!U 2GGW!UJA flIJLGJ1Gq KGLG22!OU uq jt OL
QLfltG2 OflLIflJ O H!JJGL qnctou xxAH (ioYoj-i
fiOflJG D! uq iocbp 0' 2U!W JJ1G Occnbou A1flG o qncsou IOL 2nbGLJoL wp-2cpoo1
FXXXAII (io.& 2.?'23Q
!A!ll!2 KOPGLf I uq 2IJGL/!tlu KO2G Eqnc1Iou slJq 2GII.-2GIGCt!OU onuij O b°1 t!C1 ECOUOUJA
jçcpq r'Amq' (yuJtGLqw: WOLIIJ HoIJ1Jq JgQ)•
}flUCt!OU2' Ill }jugpoojc O FØPOL ECOUOW!C2' A0IffWG I GtG pA OLIGA VPGU1GItGL IJq
Mi11! KOPGLtJ1G DGtGLw!uut2: V IJq JG11JtGLbLGtIJOU O HflWU Cb!t1 ELIJ!U
&'IIQ O ECO1JOW!C IJcI 2tt!2t!2 F (ioYtoi-o.'
JG2pLOqBITLLOU V' Uq bCtGL KthOU .,AOUGt1.A KGWLIJ2 tO CO1IGG nCt!OU U1qGUt VPH!D uq
Ot b0IU1C! ECOUOWA rxxxi (ia.x3Y ______
L11PWUIn 913q JLGUCG I M'I H!PGL qrrcto'f jGu1SJ VPWA siiq 2CLU!U.. 10flUJ!
ECOUOWJC JG2GLC D!Cfl22OU b9bCL MflUJPGL 30Q(i.x)
1￿OG1J2PGl.1i!U NI1JC0WG QGUGLtIJ EJUJCPOU2 uq CbJt1 VCCflWffLt!OU HuT.q IUtWtG Oj
Iot.
G2flLG2 OEqffCtouj VUUWGUtM Uqfl2tL1JJ KGIt!OU2 2GCtOU MOL1CJU bbGL 32 DGCGWPGL
----—iEt!1JJt!0UOI 2PGGbJC!U EU.GCt2 uq JGwuJ2 tO 2CPOOJ!U fl!' WG ON uq qJG MGM Cb2
2t!0U MOLICI1J bbGL Mo'(iooi'
b94 '1! HGclw NKGUIW2 to 2CpOo!!U V bGcnI!L DGA!ou GLow f!uGL!tA IuqI1J JGtiou
jnpww (vwtGLqw: J4oLqJ-HoflmJq j)'
LJ'DGtGWJ!UU12O4 20C!o-GCOUOW!C 2flCC 1t31U 9Uq GIMGU UJflG2 qtcq pA bI
C0IJ!t!AG 2t!H mq cpooiu: JG211J12 GLOW WG KIWOO BLOWGL tflqA I" K!UowGU!C2
OEUGCJC CrncJ K NO'J tUG flG °U 2!P!!U D toE2i!WtGtUG EUIGCt2 O4 JUJ!JA 99CJCLOffU
IIUCGL cop 2CP00IPJ' EXbGLIGUCC' IJcj EUJ!U2 (J4GM Ao11C C0JnWP! flU!AGI2!A
GMG!A (iaoY -o _______________
JGWW2to qncqo1J V COWb42OU O VtL!!IJ uq ff2' JJUC1!U. VWGL!CmJ EC0130W!C
flJGL CP4G AflJAGA uq M!C!C N'4!U ILMJJt DO .LM!1J2 2W1G2 GAGS pOflt tUG EC0130W!CJO IT IJq J4 21TLAA2 fIG 21JJbJG TUcJnqG2 MOLJCCL2 G J-Q
uq ipG WGU2 LG mcipicq fl2TU JJG GUJ1IJ2 tA JJV IP 0GUT 20C!9J 2flL/GA (022) 29lJJb1G 12 LOW pC
UJG2 1pc 2wb1c IucJrTqc2 Moqccr.2 c g- rp u poczq? MG LGICL qJIJ rbGL oim iu OIJL2
c'-'-" bo!ou 2nLI (cb2) 2IJJbJG 12 LMU LOW pC I ô T -Jô3 001J JO1OU QLOnb
2ujb1c 2ISC Q80 f83Q
[o't3]

























qUc9J jMiU2 Cb2 022
DC4blPG 4c2: GIJ2 uq 5uqLq D6!°'
JPPIGII,
CGOUG2!uto COUJUflO112 WG2flLG rccoLqnJ i JJC cou on pA bL1( [jo1
OJJL2JJG LCLC22JOU 12 MGJJUGq I12J1J IJJG CTLUiU2 MiprjAG cOuALqIJJG J5 Jq j3qnciou
QLOflb J2 JJJ 2IJJbJ€ mcjiiqcMOLJCCL2I 2Q MIqJ IJ pOIILJA M LCGL pIJ jyJbL OflL flJ J 3
JJJC CI1LLJ1 bObnqOU 2flLAGA (cb2) 2IJJbjG 12 L/iIJ FLOWTT-Tô3 OIU0!U joriiou
uqq CI.LOL2 i.c in bcupc2G2 qjjLGL221OIJ2iucJnqc COU21J
o.n3














"!" W6 CJ uqD'
0F2 E2I!Wc2o (JGJu) gG4IILU io cpoou
L9P!6 II(MIII 3,2 Gq11CUjiOLJ(11U2(LIIWCIJ( 2G 12 (PqijLUCG(MGGU 1M!U 3,2 LGbOL( O (MIII I ,2 GqflCU(1OU iiq (MIII 5,2 LthoL(O1/MU 5,2 OMU GqflCU(iOU
!U2(U1t11GU(bOL OJG jXCq-C1jGc(2 C2(iWIIC2' ips q!tcuc III GqrlcUIioU !2 (PCqijpLCucCC(MCCU (MIII J,2 i.botOM!U1,2 OMU cqrIcU(iOu UUq 1MU J,2LCbOL(OL
or' UII IA G2!w0c2' ouc tMIU, LCbou2 o 1MU J UU (MIII 5,2 CqnCU(1OU ULC n2Cq U2 LC8LG22012 UIJq (pC O(CL (M!U,2 LGbOLI2 Oj (JC(MO WCU2flLC2 91C ncq U2
3LJUqq GUOL2 ULU iu bULGU(pC2G2coi (j)-(3) UIJq (Q)-(8) IIJCJflqGUCOU2(UU(co (5)-()q W-(10) U22IIWC COLLCJU1CWCU2I1LCWCU1 GUOLVEOL1C
035ff3ct05Q 003 ff325 01X
?80 c80 340 340 333 333
(ff003) (0o03) (ff003) (ff003) (ff003)
JGUflLC (ACUL2) ff055 ff053 ff053 0054 0054
(oo2o) (ff020)(oo2o)(oo3) (oox3)
00Q 0'08 0101 ff044 0'025
IIIJ!OU (ff044) (0043) (ff043) (oo22) (oo22)
c°''-qpAU 010 if 10(010 ff082 ff08X
(oooo)(ooi) (ooi) (oo8Q) (oox)(oo8fl
/AP!IC ff10Q-ff102-ff101 004ff0 ff0ô4
(oo4)(ffo9o) (oo) (0048) (oo48)(o04)
ff312-030ô 030Q 033 0558055
(0012)(0012)(oo12) (ff012) (0012)(0012)
v (—ioo) -ojax-0104-0104 010Q ff 101 -ff 100
(0013)(ff013)(0013) (ff013) (0013)(0013)
ff104 0103 0103 00)5 0088 ff08\
(ooss)(oo58) (ff031) (ff052)
V/ CflCU(OU ff021 ff033 ff022 ff031
(ff010)(oo1)(ff054)(oo1) (ff052) (ooio) (ooIx) (ff055) (0018) (ff053)
OMUGqncU(IOU 0105 0OQc!00I ff00 ff088 ff113 004 if 10 00x8 ff100
(1) (5) (3) (t) (2) Cx 8) () (10)








COA!U1C2 M!IP0111 O1PGL C0AULIU(V2 C0U1L011!U OL O(PCL
CF' [''Uq E2(!W(G2 OL (C (4cIJu) JG1IJLU (0 C}J0OJ!U L0L IqCIJ(! LM!112
L11PlG LIILVI  9IdLT 
niIoofb  oi  iriut$1  9d1  o  dsmit3  91a-b9xi"1  bmi  JB  JD 
uiwT  1Eitn9bI  iot  bv9J  ulloobB  'aniwT  di  10  9wI9vA  i1i  d 
VI  d  .Thb-iii9 
(.t) 
3Dn111ib-i1ii 































(E1O.O)  A 















0E  0E  080  080  51qmh 
o0.o  oa.o  £5J 
bn  (1)  .1oD  .io'n  i  mwam  biJ!5no  mua  izmii.d  .rfir!3iEq  iii  ion  b1Lbn3 
noilL3IJb3  niwi  bnz  I  niwilo  rroq5x  'niwi  no  iLmii  Vi  bn  aJO  &ii  io1  .inano3  s  thrJIDni  () 
rfi  o1  .ain3rnlrfl2ni  a  beau  ixsam  owi  rfi  lo  enoqi  aniwi  rrüo  tJ  bn  ioei'i  rti  a  b3w  3Th 
nwo  I  niwi  b  tloq3l  I  niwi  nwid  Dn31Thb  di  ai  noii3ub  ni  3n1Thb  rLi  ismiiz  ai11-bxfl 
a'  niwl  nwid  ni11ib  311J  i  beau  nmuiiani  ri1  ;noiiub  a  niwilo  rioq  I  niwi  brin  noiJB3ub 
.noiiE3ub  nwo  niwi  lo  tioqol  niwl  bn  aoiis3ub  21  niwi  lo  tIoq5i uqq GOL2iii bicupc2ou rwi iu
(oo8) (oo3Q) (oo) (ooat)
18 OLÔ 0081 O.Oot 00Q8
(oo51) (oo) (oo) (oo3)
TQ 01N 002 0081 ooa
(ooia) (oo) (ooo) (oo)
ooaa 00a4 oo ooao
(oo33) (oo3I) (oo38) (ooei)
008 0.TOJ 003 0101
(oo3) (oo48) (ooQ) (oI3)
a 00Q3 0.IIT 003 0TJ8
2CpOOIiU I€AC12 (I) () (3) ()
VA O M!U2, clr'2 32F2 2-qcLGucL2-q p?
tu1w o 2cpOOfJXJ
LOL IqUliI J!14112
EWq GflLU O CJJOOflIJ LOL DIUGLGIU AGL6 JfAIJ 2CIJOOI!IJ I'I
LPIG lAPonb 12 bu1e qncuiou c2 ipu pi8p 2cp001
JCU12 AcUJG qnc1ou 12 1C ACL O flJCL2 uq UJ0flJL2 cqncqou 2 tcbouq pA poqi UA1u2 jpc
COU2WU G 2drTLCq uq qnwiiJ) AUJG2 tOL cumJG 9TJq qgc
GLLOL2 1LC iii B 1JJJ22 E2UWSfG2 22flWC WG2I1LCWGIJ1 C1LOL2 C012 (i) vq ()incriq







IAIOLQ 1P1U IJip 2CJJOOI
pc1CLOCUCi1) IIJ IPC LGI1W 10 2CP00I!IJ (p')
(oOss) (0053) (oino) (oo3)
0155 0158 00ô0 003
H!P 2CJJOOj
(oo) (ooi) (oos) (ooto)
00ô.X U 152 00ôX 0JN
rc jTJU JJ1JJ 2CJJOOJ
(oosi) (ooss) (0033) (oo3)
00Q 003 003 0023
I￿
E2flW1C LCCflLIJ 10 2C001J
05Q1
aJbJG 2!C Q?Q Q2Q 33
cqncbuf2, qnc=}-j
qncb9lu12 qnc=f{+ uq OMLI
b-AInc o 1MCU OMIJ
03tô 0?At 088'f
ou cqnc(bGu12qnc=+)
(0031) (oo33) (oo25) (ooQQ)
OOtQ 003Q 0OQJ 00t0
o'" cqnc(bu2 cqnc=)
(oos) (0058) (oon) (oo2Q)
0031 0033 00Q8









(oosi) (ooss) (0033) (oo3)
OOQ oos oos
(1) (3) (3) (t)
32F2 iL2-qGLcucG2i-q pA jj
(OL qcuqczq IM!U2
CF2 2f2 snq EW1G OL WG IfGIJILU2 O CJOO11Ug p }IIJflA flCJCLOHU
JPIG AIV  td,T 
niwT  1ii)nbI  Io  noiIafliJubI  tft  ni  ioiiI  ntn9Iuc9IA  10  bT13  9dT 
noiInup3  nW  oJ  b3n31911iU-1N  VI  bun  JO  iii  niIooib2  01  niub$1  911)  no 
s  b3hoq1  rIloH  brioqi  ilioH  ,1)oI  bt1oq91  iliofi  niwi  9n0  niwl  9n0 
ni  as.9q  owJ  a  9Aik  owf  a  AilI3  bhoqn  owi  ai  AiIB  af  brIoq91  Ai1i  2fi  bloq91 
bn  ,1g3iin9bt  "boq  bns  'boq  i  iii  13i1nbi  "boq  iii  I1Mjnobi  iii  nq  owf  a 
b31J  h3i3nbi  ()  boq 
()  ()  (I) 
Jo 
()  (1) 
Q80.0  Vo0.0  ô0.0  80.0  lô0.0  ôàOO  nojjij3JJb3 
(E€0.0)  (00.0)  (QI0.0)  (Q10.0)  (Q10.0)  (810.0) 
Ii.0  o0.0  o0.0 
VI 
oo.o  Eo.0  tco.o  £51 
1.0  E80.0  E80.0  VVO.0  ô80.0  80.0  noijoub1 
(V0.0)  (V0.0)  (0.0)  (à0.0)  (0.0)  (E0.0) 
VQ  E  E?1  .doo  .o14 
,c11niiq  Iii  m  ioii  bmbnt1Z  .1Ofl9  rn9miuas9m  bI9no3  nimu2  bthmiJ3 
:i  a1qm  3fIT 
.boq  i  iii  owfa  3Ai1f  b3Iool  r1i  n1b1iI1D  ai  )ith  b9floq1  niwi  300  iiI  IA  (1) 
.IBDiln3bi  m1I  b3iuiln3bi  niwl  rio  3il  3A  () 
.boq  n  iii  owl"  3AiIs  an  b!oo1  pill  n3lbIik  an  Inn)  b3noq3l  aniwl  ilJoH  () 
.Ifi3ilfl3bi  an  cn3nIl  b3iliIn3bi  aniwl  £1108  f4) 
.Ln3iIn3bi  1n  3dl  int11  bnn  "boq  n  ni  anq  owl"  an  an  b3AooI  '1i  n3lbtiib  an  l&1)  b3lloq3l  aniwl  niloll  () 













Hi AIO COUJUJOU JL2I MIJJC2 UJOU qcuncj jMIU
O5 8
J.Min2 y22JUcq nqcbcuquijA
IF BCLCU( O E112t t4WG2 (P BG!1J P F1t
OI.h!L2 I,juJ rpr D!IIGLOulA
I. bCLCCUC O JTL24UJ2 1jJT Bp)uJc:
CP3L5C6I4 o Iq(!J jMIIJ EL2t
10P16f.flpGq ou ip rip-iwb owitucq 1MIJ' JJJGLC 9LG w1X!flW OJ OpLA9(iOU2
l IIJG I0 JGAGJ iIJ!CJIJ( [ ipclC/G1 TUIUCU( l flJG J IGACF
qnc(!ou i IJG O4 lP LACL1G Gqncl!oIJLOL (M!U JGEC 9LC WXiWflW O 3J3 Op2cLA(!O1J
i" tpc lob b9ucJ J CPLC1CIJC LG wcnicq 2 Ip tM!U AGL jU (jiG poriow bUuGj V X ! IPC Lr-qiGLGucG OL (JiG 1MHJ CPY1C(CL!2(!CX V
7 bo1IG2, GqfJcUl!oU (1OOQ -- -0.0.xJ 0Q0 -0011 1000
7 jGIJflLG -(105.\ 0053 -00.W 0]53. 1000
V c°''-qpA flU!OLJ -o.03 -OOSQ -0]48.. 1000














2bon Gqnc9(ioU, OR5... -0055 004 -0135 (1583...00 I'OOO
yjoqJGL cqnCUt!ou 0303... -035... 00l -014&.. -0.1..&.• 0c38... 1000
jU(JJGI2 cqnciou 03&.. -05Q1... -oocw 0I\3... 0]38..
AGUL2 O)Op (GUI1LC 0]tX.., (1381... 05I... 03.X..,. 1000
C0AG pA flJJ!OU -00O 1 0] IX.. -0.1 oX... 1000
Gft-GwbJoAGq 0033 0•1 1g.. iooo
fjULLIGq 031&.. 1000
1•000
flU!OU tcuni.c cqnc9lioucqncou Gqncnou
qflcUliOU cJ—cwbjoAGq pA AGUI2 o)op E91PCL OqJCLbon2c
COLLGI!OU p1LX OL EW!JA CPLCLGL!flC °L Iq'UJ"I J)i11J2
L1PIG XI  eiupiR 
sisubivibni  ytilidA  (*AcA)  rlpiH  bns  ('A>A)  woJ  iot  aeviu3  boO  bns  titene8  IsnipmM 
*A>A  ,OM 
(ylilidA  woJ) 
*A>A  ,OM 
(ylilidA  woJ) 
'-S. 
C')  0 
C) 
*A<A  ,SM 





*A<A  *8  'A>A  ,8  pniloorlo2  to  aiseY 
(yJilidA  rlgiH)  (yiilidA  woJ) 